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The present invention relates to a new class of metallocene compounds, to catalysts 
containing them and to a process carried out in the presence of said catalysts for the 
preparation of isotactic polymers of alpha-olefins, particularly propylene polymers, having 
a low degree of crystallinity. The present invention also relates to the ligands for those 
metallocenes and to a convenient process for their preparation. 

Products of the propylene homopolymerization can have varying degrees of crystallinity. The 
type and amount of crystallinity is largely dependent on the microstructure of the 
polypropylene. The polypropylene having predominantly isotactic or syndiotactic structure is 
partially crystalline, while the polypropylene having predominantly atactic structure is 
amorphous. Propylene polymers are also known which have a reduced degree of crystallinity 
and show elastomeric properties. U.S. patent No. 4,335,225, for instance, discloses a 
fractionable, elastic polypropylene, having an isotactic content of 55% or less, which contain 
a diethyl ether-soluble fraction with an isotactic crystalline content of about 0.5-5% by 
weight. This polypropylene is prepared with a catalyst based on tetraalkyl zirconium 
supported on a metal oxide. However, the elastomeric polypropylenes of this type, due to th 
fact that the catalyst systems which arc used for their preparation have different catalytic sites, 
are endowed with a wide distribution of molecular weights which reflects negatively on their 
properties. 

Metallocene catalysts have recently been used in the polymerization reaction of olefins. 
Operating in the presence of these catalysts, polymers characterized by a narrow molecular 
weight distribution and having structural characteristics of interest have been obtained. By 
polymerizing propylene in the presence of metallocene catalysts, amorphous or highly 
crystalline polypropylenes can be obtained depending on the metallocene used. 
Certain metallocene catalysts are also known that can produce partially crystalline 
elastomeric polypropylene. International application WO 95/25757, for instance, describes 
unbridged metallocene catalysts that can produce isotactic-atactic stereoblock 
polypropylenes having elastomeric thermoplastic properties. Despite the homogeneity in 
molecular weight distribution, the tacticity distribution of these polymers is not homogeneous. 
Moreover, the activity is low. 

U. Dietrich et aL In "J. Am. Chem. Soc. 1999, 121, 4348-4355" describe metallocene 
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catalysts that are able to produce thermoplastic elastic polypropylenes. 
More recently, heterocyclic metallocene compounds have been used in the polymerization 
of alpha-olefins. In International application WO 98/22486 it is disclosed a class of 
metallocenes containing a cycloperitadienyl radical directly coordinating the central metal 
atom, to which are fused one or more rings containing at least one heteroatom. These 
metallocenes, in combination with a suitable cocatalyst, are used in the polymerization of 
olefins such as propylene. The working examples relate to the preparation of high 
stereoiegular polypropylene. 

It would be desirable to provide a novel class of metallocenes which, when used in catalysts 
for the polymerization of olefins, in particular propylene, are capable of yielding polymers 
endowed with high molecular weights, narrow molecular weight distribution and a reduced 
degree of crystallinity, It would be most desirable to provide metallocene catalysts that can 
produce those polymers with high activity, such that the amount of the catalyst remaining in 
the formed polymer is minimized. 

A nove) class of metallocene compounds has now been unexpectedly found, which achieves 
the above and other results. 

According to a first aspect the present invention provides a metallocene compound of the 
general formula (I): 

LGZMXp (I) 
wherein L is a divalent group bridging the moieties G and Z, selected from CR^R 2 , SiR'R 2 and 
(CR'R 2 )^ R 1 and R\ same or different from each other, are selected from hydrogen, a 
C-Cjo-alkyl, Q-Oa-cycloalkyl, C^-alkenyl, C 6 -C 20 -aiyl, C r C 20 -alkylaryl, C^o-arylalkyl 
radical, optionally containing a heteroatom, which can form a ring having 3 to 8 atoms which 
can bear a substituent; 
Z is a moiety of formula (II): 




(n) 



R4- -b' 

wherein R 3 and R 4 , same or different from each other, are selected from hydrogen, a 
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CrQo-alkyl, C 3 -C 20 -cycloalkyl, Cj-C^-alkenyl, <VC 20 -aryl, CVC^-aBcylaiyl, CrC 20 -arylalkyl 
radical, optionally containing a heteroatom, at least one of R 3 and R 4 being different from 
hydrogen; 

A and B are selected from S, O or CR 5 , wherein R 5 is selected from hydrogen, a C r C 20 -alkyl, 
Q-Qo-cycloalkyl, C 2 -G, 0 -alkenyl, Q-C^-aryl, CVQo-alkylaryl, CVQo-aiylalkyl radical, 
optionally containing a heteroatom, either A or B being different from CR 5 , and wherein the 
rings containing A and B have a doable bond in the allowed position; 
G is a moiety of formula (EI): 



wherein R 6 , R 7 , R 8 and R 9 , same or different from each other* are selected from hydrogen, a 
C,-C 20 -alkyl, C 3 -C 20 -cycloalkyl, (VCValkenyl, CVCVaryl, C.-Cjo-alkylaryl, C 7 -C 20 -arylalkyl 
radical, optionally containing a heteroatom, and R 6 and R 7 and/or R e and R* can form a ring 
comprising from 3 to 8 atoms, which can bear substituents, with the provisions that R 7 is 
different from R* and when R 7 is a tert-butyl radical, R* is not hydrogen; 
M is an atom of a transition metal selected from those belonging to group 3, 4, 5, 6 or to the 
lanthanide or actinide groups in the Periodic Table of the Elements (new IUPAC version), 
X, same or different, is selected from a halogen atom, a R 10 , OR 10 , OS0 2 CF 3 , OCOR' 0 , SR 30 , 
NR ,0 2 or PR J0 2 group, wherein the substituents R i0 are selected from hydrogen, a Cj-Qo-alkyl, 1 
C 3 -C 2(r cycloalkyl, C 2 -C 20 -alkenyl, Q-C^-aiyl, C 7 -C 20 -alkylaryl, C^CVarylalkyl radical, 
optionally containing hetcroatoms; 

p is an integer of from 0 to 3, being equal to the oxidation state of the metal M minus 2. 
The transition metal M is preferably selected from titanium, zirconium and hafnium. The X 
substituents are preferably chlorine atoms or methyl groups. Preferably the bridging group L 
is a =CMei or =SiMc2 group. Preferably one of A and B is a sulfur atom and the other is a CH 
group. Preferably R 3 and R 4 are the same and are selected from a C r C 20 -aDcyl group, which 
can contain a silicon atom. Most preferably R 3 and R 4 are a methyl or a trimethylsilyl radical. 
Non-limiting examples of metallocene compounds according to the present invention are: 
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methylene(3-me&^ 

dithiophene)zirconium dichloride and dimethyl; 

me&ylene(3-ethyl-cycl^ 

dithiophene)zircoTiium dichloride and dimethyl; 

methylcne(3-isopropyl^yclopente^^ 

dithiophene)zirconium dichloride and dimethyl; 

methylen^-phenyl-cyclopentad^ 

dithiophene)2irconium dichloride and dimethyl; 

methylene(2,4^imethyl^yc 

dithiophene)zirconium dichloride and dimethyl; 

methylene(2,4-diethyl-cyclop^ 

dithiophene)zirconium dichloride and dimethyl; 

methy)ene(2,4-du$opropyl-cyclo^ 

b*] dithiophene)zirconium dichloride and dimethyl; 

methylene(23>trimethyl-cy^^ 

V] dithiophene)zirconium dichloride and dimethyl; 

methylene(23>triethylH>ycl^ 

dithiophene)zirconium dichloride and dimethyl; 

me thylene(2,3,5-triisopropyl-cyclopent^^ 

b:4,3-V] dithiophene)zirconium dichloride and dimethyl; 

methylene(3^yclohexyl-cyc^ 

dithiophene)zirconiura dichloride and dimethyl; 
methylene-l-(indenyl)-7-(2,5-dimethylcyclopentadienyl-[l,2-b:4,3- 

b*]dithiophene)zirconium dichloride and dimethyl; 
methylene-Hindenyl)-7-(2,5-di^ 
b , ]dithiophene)zirconium dichloride and dimethyl; 
methylene- 1 -(3-isopropyl-indenyl)-7^ 
b']dithiophene)zirconium dichloride and dimethyl; 
methylene- H3-ter-butyl^ 
b*]dithiophene)zirconium dichloride and dimethyl; 
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methylene-K2,3-dimethyl-indenyl)-7-(2,5-dimethylcycIopem 
b']dithiophene)zircomum dichloride and dimethyl; 

methylene- 1 ^S-methyl-indenyl^T^^S^inietliylcyclopentadienyl-t 1 ,2-b :4,3- 
b']dithiophene)zireonium dichloride and dimethyl; 
methylene- Htetrahydromdenyl)-7-(2,5-dimethylcyclopentad 
b']dithiophene)zirconium dichloride and dimethyl; 

methylene(3-methyl^clopentadienyl)-7.(2,5-dimethylcyclopentadienyI-( 1 v 2-b:4,3-b a ] 
dioxazol)zirconium dichloride and dimethyl; 

methylme(3rethyl^yclopentadienyl)-7-(2 1 5^imethylcyclopentadienyl^ 
dioxazol)zircomum dichloride and dimethyl; 
methylene(3-isopropyl-cyclopentadieny 
dioxazol)zirconium dichloride and dimethyl; 
raethylene(3-phenyl-cyclopentadienyl)-7-(2,5-dm 
dioxazol)zirconium dichloride and dimethyl; 

methyleue(2,4-dimethyl-cyclopenta^^ 1 ,2-b:4,3- 

b']dioxazol)zirconium dichloride and dimethyl; 

methylene(2 l 4-diethyl-cyclopentadienyl)-7-(2, 5-dimethylcyclopentadienyl-[ 1 ,2-b:4,3-b*] 
dioxa2ol)zirconium dichloride and dimethyl; 

methylene(2-methyl^phenyl-cyd^ 1 ,2- 

b:4 f 3-b*] dioxazol)zirconium dichloride and dimethyl; 

methylene(2,4^iisopropyl^yclopentadienyl)-7-(2,5-dimethylcyclopenta^ 

b']dioxazol)zirconium dichloride and dimethyl; 

methylene(2,3,5-trimethyl'CycIopeutadienyl^ 

b'] dioxazol)zirconium dichloride and dimethyl; 

methylCTe^^S-triethyl^yclopem 

dioxazol)2irconium dichloride and dimethyl; 

methylene(2,3,5-trii$opropyl-cyclopent^ 

b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

methylene<3-cyclohexyl-cyclc^enta^^ 

dioxazol)zirconittm dichloride and dimethyl; 
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methyIene-Hindenyl)-7-(2,S-dimethylcyd^ 
dichloride and dimethyl; 

methylene-l-(2-methyl-indenyl)-7^2,5^imethylcyclo 

b']dioxazol)zirconium dichloride and dimethyl; 
methylene-l-(2^^imethyWndeny])-7-(2,5-dimethylcyclopen 

b']dioxazol)zirconium dichloride and dimethyl; 

methylene- 1 ^tetrahydroindenyl)-7<2,5-di 

dioxazol)zirconium dichloride and dimethyl; 

methylene(3-me^yl-cyclopen^^ 

dioxazol)zirconium dichloride and dimethyl; 

methylene(3-isopropy)-cyclopentadie^^ 

b:4,3-b'J dioxazol)zirconium dichloride and dimethyl; 

methylene(3-methyl-cyclopentadienyl)-7-(2,5-ditrimethy 

b'] dioxazol)hafiij\im dichloride and dimethyl; 

isopropylidene(3-methyl-cyd^ 

dithiophene)zirconium dichloride and dimethyl; 

isopropylidene(3-ethyl-cyclopentadi^ 

dithiophene)zirconium dichloride and dimethyl; 

isopropyhdene(3-isopropyl-cyclopent^ 

b'] ditbiophene):riiconium dichloride and dimethyl; 

isopropyfcdene(3-phenyl-cyclopentadim^ 

dithiophene)zirconium dichloride and dimethyl; 

isopropylidene(2,4-dimethyl^yclopente^ 

b'] dithiophene)zirconium dichloride and dimethyl; 

isopropylidene(2,4-dimethyl-cycIopentadien^ 

[1,2^:4,3-^] dithiophene)zirconium dichloride and dimethyl; 

isopropyfcdene(2Adiethyl-cyclopentadie^ 

b'] dithiophene)zircomum dichloride ai)d dimethyl; 

isopropyUdene(2,4-diisopropyl-c^^^ 

b:4,3-b'] dithiophene)zirconiuin dichloride and dimethyl; 
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isopropylidene(2-methyM-phenyl-cyclopentadieny])-7-(2,5-di 
b:4,3-b'] dithiophene)zirconium dichloride and dimethyl; 
isopropylidene(2-methyl-4-phenyl-cycJopeiitadienyl)"7-(2,5- 

ditrimethylsilylcyclopentadienyl-fl^-b^^-b 1 ] dithiophene)zirconium dichloride and 
dimethyl; 

isopropylidene(2-mcthyl^isopropy 

[l,2-b:4,3-b'] dithiophene)2irconium dichloride and dimethyl; 

isopropylidene^ f 5-trimethyl^yclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1 ,2- 

b:4,3-V] dithiophene)zirconium dichloride and dimethyl; 

isopropyUdene(2,3,S-triethyl-cyclopentadienyl)^^ 

b'] dithiophene)zirconium dichloride and dimethyl; 

isopropyhdene(2^5-triisopropyl-cyclopentadienyl>^ 

b:4 y 3-b % ] dithiophene)zirconium dichloride and dimethyl; 

isopropylidene(3^yclohexyl-cyc!opentadienyl^^ 1 ,2- 

b:4 9 3A>") dithiophene)zirconium dichloride and dimethyl; 

isopropyUdene(3-isopropyl^yclopentadienyl)-7-(2,5-ditrimethylsilylcyclopeuta<^ 

b:4,3-b'] dithiophene)zirconium dichloride and dimethyl; 

isopropytidene(3-isopropylK:yclopentadienylM^ 

b 1 ] dithiophene)zirconium dichloride and dimethyl; 

isopropylidene- 1 -(indenyl)-7-(2,5-dimethylcyclopentadienyl-[l ,2-b:4,3- 

b']dithiophene)zirconium dichloride and dimethyl; 

isopropylidene- 1 -(3-methyl-indenyl)-7-(2 > 5-dimethylcyclopentadieiiyl-[ 1 ,2~b:4,3 - 
b'Jdithiophene)zirconium dichloride and dimethyl; 

isopropyJidene-l-(23-dimethyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 
b']dithiophene)zirconium dichloride and dimethyl; 
isopropylidene-l-(3-isopropyl-indenyl>7-(2,5-ffl 
b*]dithiophene)zirconium dichloride and dimethyl; 

isopropylidene- H3-tert-butyMndenyl)-7-(2 J 5-dimethyJcyclopentadienyl-[l 1 2-b:4,3- 
b']dithiophene)zirconium dichloride and dimethyl; 
isopropyhdene-1 -(teti^ydroinde^ 
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b']dithiophene)zircoiiium dichloride and dimethyl; 

isopropylidene(3-methyl<yclopentadienyl)^K2,6-dimethylcycl^^ 

dithiophene)hafhium dichloride and dimethyl; 

dimethylsilandiyl(3-methyl-cyclopen^ 

b'] dithiophene)zirconium dichloride and dimethyl; 

dmethylsilandiyl(3-etbylKyclope 

ditbiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl(3-isopropyl^yclo^ 

b:4,3-b*] dithiophene)2drconium dichloride and dimethyl; 

dimethylsilandiyl(3-phenyl^ycto 

b*] dithiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl(2A^niethyl-cyclopentadienyl)-7-(2,5-dim 

b:4,3-b*] dithiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl(2,4-diethyl^ 

b:4,3-V] dithiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl(2,4-diisopropyl^ 

b:4,3-b'] dithiophene)2irconium dichloride and dimethyl; 

dimethylsilandiy^^S-trimethyl-cycto^ 

b:4,3-b'] dithiophene)2irconium dichloride and dimethyl; 

dimethylsilandiyl^^S-trie^ 

b:4,3-V] dithiophene)zirconium dichloride and dimethyl; 
dimethylsilandiyl(2,3,5-toisop 

[l,2-b:4„3-b'] dithiophene)zirconium dichloride and dimethyl; 
dimethyl$ilandiyl(3-cyclohe^ 

b.4,3-b'] dithiophene)zirconium dichloride and dimethyl; 
dimethylsilandiyl(3-trimethylsaty^ 

b:4,3-b'] dithiophene)zirconium dichloride and dimethyl; 
dimethylsilandiyl-1 -(indenyl)-7-(2 5 5-dimethylcyclopentadienyl-[ 1 ,2-b:4,3- 
b*]dithiophene)zirconium dichloride and dimethyl; 
dimethylsilaudiyl-H3-methyl-m^ 
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b*]dithiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl- 1 -(2 ? 3-dimethyl-indenyl)-7-(2 ,5^methylcyclopentadicnyl-[l ,2-^4,3- 
b*]dithiophene)zirconiiim dichloride and dimethyl; 

dimethylsilandiyl- 1 -(3-ethyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1 ,2-b:4,3- 
b*]dithiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl- 1 -(3-isopropyl-indenyl)-7^2 > 5-dimethylcyclopentadieny^[l ,2-b:4,3- 
b*]dithiophene)zirconium dichloride and dimethyl; 
dimethylalandiyl-l-(3-isopro^ 
V]dithiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl-1 -(3-isopropyl-indeny])-7-(2,5-ditrimethylsj ly lcyclopentadieny1-[ 1 ,2- ( 
b:4,3-b']dithiophcne)zircoiiium dichloride and dimethyl; 
dmethylsilandiyM -(3 -methy 1-mdra 
b'Jdithiophene)hafhium dichloride and dimethyl; 

dimethylsilandiyl- 1 -(3-tertbutyl-indeny l)-7-(2,5-dimethylcyclopentadienyl-[ 1 ,2-b : 4,3 - 
b']dithiophene)zirconium dichloride and dimethyl; 

dimethylsilandiyl-1 -(tetrahydroindenyl)-7-(2,5-dimethylcyclopentadienyl-[l ,2-b:4,3- 
b']dithiophene)zirconium dichloride and dimethyl; 

isopropylidene(3-methyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 
dioxazol)zirconium dichloride and dimethyl; 

isopropyhdene(3-ethyl^yclopentadienyl)-7-(2,5^methylcyclopentadienyl-[ 1 ,2-b:4,3-b'] 

dioxazol)zirconium dichloride and dimethyl; 4 

isopropylidene(3 -isopropyl-cyclopentadienyl)-7-(2,5-diraethylcyclopentadienyl-[ 1 ,2-b:4,3- 

V] dithiophene)^irconium dichloride and dimethyl; 

isopropyhdene(3-phenyl-cyclopentadien 

dioxazol)zirconiiun dichloride and dimethyl; 

isopropylidene(2,4Hiimethyl-cyclope 

b*]dioxazol)zirconium dichloride and dimethyl; 

isopropylidene(2,4-diethyl-cyclopent^ 

b']dioxazol)zirconium dichloride and dimethyl; 

isopiopyhdene(2 J 4-diisopropyl-cyclopCTtadienyl>7-(2,5-dimethylcyclopentadien 
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b:4,3-b*]dioxazol)zirconium dichloride and dimethyl; 
isopropyUdene(2^,5-trimethyl^yclopentadienyl)-7-(2,5-dimethylcyclopen^ 

b:4,3-b*] dioxazol)zirconium dichloride and dimethyl; 

isopropylidene(23,5-iriemyl-cyclopentadienyl)-7^ 

b'] dioxazol)zirconium dichloride and dimethyl; 

isopropyhdene(2,3,5-triisopropyl-cyclo^^ 

b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

isopropylidene(3-cyclohexyl-cyclopenta6^enylH-(2,5-dimethylcyclopentadicnyl-[l,2- 
b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

isoprcpyhdcne(3-isopropyUyclopentadienyl)-7K2,5-dimemylcyclop{mtadienyl<l,2-b:4,3- 
b'] dioxazol)zirconium dichloride and dimethyl; 

isopropylidene-l-(indenyl)-7-(2 s 5-dimethylcyclopentadienyl-[l,2-b:4,3-b'] 
dioxazol)zirconium dichloride and dimethyl; 

isoi>ropylidOTe-lK3-mcmyl-indenyl)-7-(2,5-dimethylcyclopentadienyH 
dioxazol)zirconium dichloride and dimethyl; 

isoprcpyUdene-l-(3-ethyl-mdenyl)-7K2,5-dimethylcyclopentadienyl-[l,2-b:4,3-b'] 

dioxazol)zirconium dichloride and dimethyl; 

isopropyhdene-l-(3-isopropyl-indenyl^^ 

dioxazol)zircomum dichloride and dimethyl; 

isopropylidene-l-(3-tert-butyl-md^ 

dioxazol)zirconium dichloride and dimethyl; 
isc>propyhdene-l-(tetrahydromdenyl)-7-(2,5-dimethylcyclopentadi 

dioxazol)zirconium dichloride and dimethyl; 

isopropylidene- 1 -(tetiahydromdOTyl>^ 

dioxazol)hamium dichloride and dimethyl; 

dimemyl$ilanmyl(3-memyl^yclop 

b'] dioxazol)zirconium dichloride and dimethyl; 

dimemylsilajKhyl(3-etoyl^yclopentadien^^ 

dioxazol)zirconium dichloride and dimethyl; 

dime*ylsilandiyl(34sopropyUyclopentad^^ 
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b:4,3-b*] dioxazol)zirconium dichloride and dimethyl; 
dimethylsttandiyl(3-phenyl-cydopentadienyl)-^ 
b'] dioxazol)zirconium dichloride and dimethyl; 

dimethylsilandiyl(2,4-dimethyl-cyd^ 1 ,2- 

b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

ddmethylstfandiyl(2,4^iethyl-cycto 1 ,2- 

b:4,3-b*] dioxazol)zirconium dichloride and dimethyl; 
dimethylsilandiyl^^diisopropyl^yclopem 
b^^-b*] dioxazol)zirconium dichloride and dimethyl; 

dimcAylalandtyl(2,3,5-trime i 
b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

dimethylsilandiyl(2,3 ,5-triethyl^yclopentadienyl)-7-(2,5^imethylcyclopentadienyl-[ 1 ,2- 

b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

dimethylsilandiyl(2,3,5-trii$opropyl-cy^ 

[1 ,2-b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

dimcthylsilandiyl(3-cyclohcxyK 

b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

dimethylsilandiyl(3-isopropyl-cyclopent^ 

b:4,3-b'] dioxazol)zirconium dichloride and dimethyl; 

dimethylsilandiyl- 1 -(indenyl>7-(2,5-dimethylcyclopentadienyl-[ 1 ,2-b:4,3-b '] 
dioxazol)zirconium dichloride and dimethyl; 4 
dimethylsilandiyl- H3-methy)^mdenyl)-7-(2,5-dim 
dioxazol)zirconium dichloride and dimethyl; 

dimethylsilandiyl-1 '(2,3-dimethyl-indenyl)-7-(2,5-dimethylcyclopratadienyl-[ 1 ,2-b:4,3-b'] 
dioxazol)zirconium dichloride and dimethyl; 

dimethylsilandiyl-1 ^34sopropy^indenyl)-7^2,5^imethylcyclopentadienyl-[l,2-b:4,3-b , ] 
dioxazol)zirconium dichloride and dimethyl; 
dimethylsilandiyl-1 -(tetrahydroindenyl)-7-(2,5-& 
dioxazol)zirconium dichloride and dimethyl; 

isopropylidene(3-isopropyl-cyclopentadienyl)-7-(2,5-dimethy l-cyclopentadienyl-[ 1 ,2-b :4,3 - 
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b']-dithiophene)zirconium dichloride; 
isopropylidene(3-methyl-cyclop^ 
b']-dithiophene)zirconium dichloride; 
isopiopybdene(34s<>piopyl-cyclopen^ 
b :4,3-b ' ]-dithiophene)zircom\un dichloride; 

i S opropyUdene(3-isopropyl-cyclopentadienyl)-4-(2,6-dimethyl-cyclopen 

b']-dithiophene)ziTconium dichloride; 
dimetbylsilandiyl-l-(mdenyl)-7<2,5^^^^ 
dithiophene)zirconium dichloride; 

[l,2-b:4,3-b']-dithiophenc)zirconium dichloride; 
isopropylidme^dimethyUy^^ 
b^.S^'l^ithiophene^roimurn dichloride; 
isopropyUdene(3-methyUyclopentadi^ 
b']-dithiophene)hafirium dichloride; 
isopropylideneC-isopropyl^yclopent^^^ 
b:43-b']-dithtophene)zircoiiiiim dichloride; 

isopnwlideneCS-iavrow 
b']-dithiophene)zirconiuin dichloride. 

A particular interesting class of bridged metallocenes of formula (I) according to the present 
invention are those wherein G is a moiety of formula (HI): 



.8 



R7 



R V/ R ' 



(in) 



wherein R* and R 9 , same or different from each other, are selected from hydrogen, a 
C-Qo-alkyl, C 3 -Q 0 -cycloalkyl, C^-alkenyl, C 6 -C 10 -aryl, C r a o -alkylaryl, C 7 -C 20 -arylalkyl 
radical, optionally containing a heteroatom, 

R 7 i5 selected from a C.-G^-aryl, C^-alkylaryl or a QR"R ,2 R IJ group, wherein Q is 
selected from C, Si, Ge; 
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R n , R" and R 13 , same or different from each other, are hydrogen, CVCzo-alkyl, 
Cj-Cjo-cycloalkyl, C 2 -Cj 0 -alkenyl, C-Cjo-aryl, C 7 -C 30 -alkylaryl, CVCjo-arylalkyl radicals, 
optionally containing a heteroatom, with the proviso that when Q is a carbon atom, at least 
one of R' ', R' 2 and R IJ is a hydrogen atom, and 
R* is hydrogen. 

Particularly preferred metallocenes of the above mentioned class are those wherein R 7 is 
selected from a phenyl group, a CHR"R U group and a SiR"R'*R 13 group, R", R" and R" 
being hydrogen or C-Qo-alkyl groups. 

Most preferred are those metallocene wherein QR"R ,2 R 13 is an isopropyl or a trimethylsilyl 
group. 

Non-limiting examples of this class of metallocenes are: 
isopropyhdene(3-isopropyl-cyclopentadieny^^ 
b']-dithiophene)zirconium dichloride; 

isopropylidene(3-memyl-cyclope^tadienyl)-7-(2,5-d^methyl-cyclopentadienyl-[l,2-b:4 
b']-dithiophene)zirconium dichloride; 

dimemylsilandiyl(3-trimetoyls^ 

b:4,3-b , ]-dithiophene)2irconium dichloride; 

isct>ropylidene(2-me&yl^isoim>pyl^clopentadienyl)-7-(2,5-ara 
[l^!-b:4,3-b , ]-dithiophene)zirconium dichloride; 
isopropyhdene(3-is(>propyl^yclopentadienyl>^ 
b:4,3-b']-dithiophene)zirconium dichloride; 

isopropyUdenc(3-isopTopyl-cyclopentadienyl)^-(2,6-dUmemyl-cyclopentadienyl-[2,l-b:3,4- 
b']-dithiophene)zirconium dichloride; 

isopropylidene(2-memyl-4-phenyl-cyclopentao^enyl)-7-(2,5-dimemyl-cyc 
[ 1 ,2-b :4,3 -b , ]-dithiophene)2irconium dichloride; 

isoprcpybdene(3^henyl-cyclopentadienyl)-7<^^ 

b']-dithiophene)zirconium dichloride; 

isorTOpyUdene(2-raemyl^phenyl^clopentad^enyl>7-(2,5-ditrimethylsilyl- 
cyclopentadienyl-[l ,2-b:4 7 3-b , ]-ditbiophene)zirconium dichloride; 
isc?i^ylidene(2,4-o^emyl-cyclopenta^ 
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b^.S-VJ-dithiophcne^irconium dichloride; 

isopropyhdene(2,4-dimethyl^clopentodienyl)-7-^ 

[l 3 2-b:4,3-b']-dithiophene)zircordum dichloride; 

dimethylsilandiyl(2,4^dimethyl-cyd^ 

b :4,3-b ']-di thiophene)zirconium dichloride; and 

isopropylidene(3-methyl^yclopen^ 

dithiophene)hafhium dichloride. 

Another advantageous class of bridged metallocenes of formula (I) are those wherein G is a 
moiety of formula (IV): 




wherein R 14 , R 15 , R 16 , R 17 , R IB and R 19 , same or different from each other, are selected from 
hydrogen, a C r C 20 -alkyl, Cj-CVcycloalkyI, C 2 -C 20 -aJkenyl, Q-CVaiyl, C^^-alkylaTy!, 
CT-C^o-arylalkyl radical, optionally containing heteroatoms, and any of two adjacent R 14 , R ,s , 
R 16 , R 17 , R t8 and R 19 can form a ring comprising 4 to 8 atoms which can bear substituents and 
the benzene ring can be perhydrated. 

Preferably R 15 , R ,c , R 17 , R 1B and R 19 are hydrogen and R 14 is a C-CValkyl group such as a 
methyl or ethyl group. 

Non-limiting examples of metallocenes belonging to this class are: 

dimethylsilandiyl-Hmdenyl)-7^2,^ 

dithiophene)zirconium dichloride; 

dimethykilandiyl-1 -(2-methyW^ 

dithiopbene)zirconium dichloride. 

According to another aspect of the present invention there is provided a class of ligands of 
formula (V): 

LG'Z' (V) 
wherein L is defined as described above; 
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Z' is a moiety of formula (VI): 




and its double bond isomers; 

wherein A, B, R 3 and R* arc defined as described above; 
G' is a moiety of formula (VII): 




and its double bond isomers; 

wherein R 6 , R 7 , R* and K 9 have the meaning as defined above. 

According to a further aspect of the present invention there is provided a process for the 
preparation of a ligand of formula (V): 

LG'Z' (V) 
wherein G* and L are defined as described above; 
Z > is a moiety of formula (Via): 




and its double bond isomers; 

wherein A is sulfiir or oxygen, R 3 and R* are the same and are selected from a C l -C 20 -alkyU 

Cj-CVcycloalkyl, Q-CValkcnyl, C 6 -C 2(r aiyl, Q-C^-alkylaryl, C^C^-arylalky] radical, 

optionally containing a heteroatom; 

comprising the following steps: 

a) contacting a compound of formula (VIII) : 
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Br 



XL 



(Vffl) 




(IX) 



Br^ ^A^ "Br 

with a base selected from an prganic lithium compound, sodium or potassium; and 
subsequent treatment with a formic ester, wherein the molar ratio between said ester 
and the compound of formula (VIII) is at least 1:2, and subsequently 

b) treating with a reducing agent in order to obtain a compound of formula (IX): 

c) contacting with a base selected from an organic lithium compound, sodium or 
potassium; 

and subsequent treatment with an alkylating agent, 

d) contacting with a base selected from an organic lithium compound, sodium or 
potassium; 

and subsequent treatment with a coupling agent; or contacting the above defined 
compound of formula (VIII) with a base selected from an organic lithium compound, 
sodium or potassium; 

followed by treating with an ester of boric acid and a protonating agent in order to 
obtain the compound of formula (X): 



(HOhB ^-^^r B(OH) 2 



(X) 



A' ^ A' 

and subsequently contacting with a mixture of an alkylating agent in the presence of 
an transition metal complex compound followed by above step d), in order to obtain 
the compound of formula (XI); 

R3 




(XI) 
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e) 



f) 



IB 

contacting the compound of the formula (XI) with a base selected from the group 
consisting of metallic sodium and potassium, sodium and potassium hydroxide and an 
organic lithium compound, wherein the molar ratio between the compound of the 
formulae (XI) and said base is at least 1 ; 

when L is CR/'R" contacting the corresponding anionic moiety of the formula (XT) 
with a compound of the general formula (XII): 

16 

(XII) 




wherein R 1 , R 2 , R 6 , R 7 , R" and R 8 have the meaning as defined above; 

or, when L is a SiR'R 2 or (CR'R 2 ^, contacting the corresponding anionic compounds 

of the formula (XI) with a compound of general formula (XIII): 



R7 



R6 



Xr 

R9 



(XIII) 



wherein R*\ R 7 , R 8 and R 9 are defined as above and Y is a halogen radical selected 
from the group consisting of fluoride, chloride, bromide and iodide; 
g) treating with a protonating agent. 

Preferably the reducing agent is a mixture of AICIj/LiAlH, or a mixture of triethylsilane 
(EtjSiH) and CF 3 COOH. Preferably the base is butyllithium. Preferably the organic acid ester 
is an ester of formic acid. Preferably the alkylation agent is selected from dimethylsulphate 
(MeaSOJ, trimethylchlorosilane (MejSiCl) and a mixture of compounds of formulae R 3 Y' 
and R*Y% wherein R 3 and R 4 are defined as above and Y' is selected from chloride, bromide 
and iodide. Most preferably the halogen radical is chloride or bromide. Preferably the 
coupling agent is selected from the group consisting of copper chloride, iodine and Mg/PcL 
Preferably the transition metal complex compound is PdC12(dppf). Preferably Y is a 
chloride radical. Preferably the base used for the preparation of the corresponding anionic 
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form of the compound of formula (VIII) is butyl lithium. Preferably the compound of 
formula (XII) is selected from 3,6,6-trimethyJfulvene and 3-isopropyl-6,6-dimethylfulvene. 
Non-limiting examples of compounds of formula (Xlil) are (3-methyl- 
cyclopentadienyl)dimethylch)orosilane, (3-isopropyl-cyclopentadienyl)dimethyl 
chlorosilane, 1 -(3-methyl-cyclopentadienyl)- 1 , 1 -dimethyl-2^-dimethyl-2-cMoro-ethanc 
and 1 -(3-isopropyi-cyclopentadienyl)- 1 , 1 -dimethyl-2,2-dimethyI-2-chloro~ethane. 
Compounds of formula (V) can suitable used as intermediates for the preparation of 
metallocenes of formula (I), 

Therefore, a still further aspect of the present invention is a process for the preparation of a 
metallocene compound of formula (I), obtainable by contacting the ligand of general 
formula (V), with a compound capable of forming the coiresponding dianionic compound 
thereof and thereafter with a compound of general formula MX^ 2 , wherein M, X and p are 
defined as above. 

The compound able to form said corresponding dianionic compound is selected from th 
group consisting of hydroxides of alkali- and earth-alkali metals, metallic sodium and 
potassium, and organometallic lithium salts. 

Preferably, the compound able to fonn said corresponding dianionic compound is 
buthyllithium. 

Non-limiting examples of compounds of formula MXp+ 2 are titanium-, zirconium- and 
hafhiumtetrachloride- 

The metallocene compounds of formula (I) can be prepared by first reacting the ligands of 
formula (V), prepared as described above, with a compound able to form a delocalized anion 
on the cyclopentadienyl rings, and thereafter with a compound of formula MXp.j, wherein M 
and the substituents X are defined as above. 

More specifically, said ligands are dissolved in an aprotic polar solvent and to the obtained 
solution is added a solution of an organic lithium compound in an apolar solvent. The thus 
obtained anionic form is separated, dissolved in an aprotic polar solvent and thereafter added 
to a suspension of the compound MX^ in an aprotic polar solvent At the end of the reaction, 
the solid product obtained is separated from the reaction mixture by techniques commonly 
used in the state of the art. Non limiting examples of aprotic polar solvents suitable for the 
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above reported processes are tetrahydrofurane, dimethoxycthane, diethylether, toluene and 
dichloromethane. Non limiting examples of apolar solvents suitable for the above process are 
pentane, hexane and benzene. 

During the whole process, the temperature is generally kept between -180°C and 80°C, 
preferably between -20°C and 40°C. 

In the case in which at least one substituent X in the metalloccne compound of the formula (I) 
which is to be prepared is other than a halogen, it is necessary to substitute at least one 
substituent X in the metallocene obtained by at least one substituent X other than a halogen. 
The reaction of substituting substituents X by substituents X other than a halogen is carried 
out using generally applied methods. For example, if the desired substituents X are alky] 
groups, the metallocenes can be made to react with alkylmagnesium halides (Grignard 
reagents) or with alkyllithium compounds. 

According to a still further aspect of the present invention there is provided a catalyst for the 
polymerization of alpha-olefins, obtainable by contacting: 

(A) a metallocene compound of formula (I) according to the present invention, and 

(B) an alumoxane and/or a compound capable of forming ail alkyl metallocene cation. 
The alumoxane used as component (B) can be obtained by reacting water with an organo- 
alumraium compound of formula A1R*° 3 or AljR 20 ^ wherein the R 20 substituents, same or 
different from each other, are defined as R\ Tn this reaction the molar ratio of Al/water is 
comprised between 1:1 and 100:1. 

Non-limiting examples of aluminium compounds of the formula A1R 20 3 or Al^R^ are: 
Al(Me) 3 , Al(Et) 3 , AlHCEt)^ Al(iBu) 3 , AlHCiBu^, Al(iHex) 3 , Al(iOct) 3 AlH(iOct)^ AKQH^, 
Al(CH r CH(Me)CH(MeX) 31 A1{CR 2 C^ Al(CH 2 CMe 3 ) 3F Al(CH 2 SiMe 3 )„ Al(Me)jiBu, 
Al(Me),Et, AIMeCEt)^ AlMe(iBu) 2 , Al(Me) 2 iBu, A^Me^Cl, Al(Et) 2 Cl, AlEtCl, and 
Al2(Et) 3 Cl 3 , wherein Mc - methyl, Et = ethyl, iBu = isobutyl, iHex - isohexyl, iOct - 2,4,4- 
trimethyl-pentyL 

Amongst the above aluminium compounds, trimethylalummium (TMA), 
triisobutylaluminium (T1BAL) and tris(2 9 4,4-trimethyl-pentyl)alummium (TIOA) are 
preferred. 

The aluraoxanes used in the catalyst according to the invention are considered to be linear, 

(TC5420-EP) 




branched or cyclic compounds containing at least one group of the type: 

r\ r 21 

Al— O— Al 



R 2,/ V 1 

wherein the substituents R 2 \ same or different, are C,-C 20 -alkyl, Ca-C^-cycloalky], 
C 2 -C 20 -alkenyl, Q-Cjo-a^ C^C^-alkylaiyl or C 7 -C 10 -arylalkyl radicals, optionally containing 
hydrogen atoms, silicon or germanium atoms, or a -OAl(R 2, ) 2 group and, if appropriate, 
some substituents R 21 can be halogen atoms. 
In particular, alumoxanes of the formula: 

r \ f /■ 

Al— O— (Al — 0)n— Al 

can be used in the case of linear compounds, wherein n is 0 or an integer of from 1 to 40 and 
the substituents R 21 are defined as above, or alumoxanes of the formula: 

R 21 

(Al — 0)n 

can be used in the case of cyclic compounds, wherein n is an integer of from 2 to 40 and the 
R 21 substituents are defined as above. 

The substituents R 17 are preferably ethyl, isobutyl or 2,4,4-trimethyl-pentyl groups. Examples 
of alumoxanes suitable for use according to the present invention are methylalumoxane 
(MAO), isobutylalumoxane (TIBAO) and 2,4,4-trimeehyl-p«itylalumoxane (TIOAO). 
The molar ratio between the aluminium and the metal of the metallocene compound is in 
general comprised between 10:1 and 20000:1, and preferably between 100:1 and 5000:1. 
Non-limiting examples of compounds able to form an alkylmetallocene cation are compounds 
of the formula D + E\ wherein D + is a Bremsted acid, able to donate a proton and to react 
irreversibly with a substiluent X of the compound of the formula (I), and E" is a compatible 
anion which does not coordinate and which is able to stabilize the active catalytic species 
which results from the reaction of the two compounds and which is sufficiently labile to be 
dispiaeeable by an olefin substrate. Preferably, the anion E' consists of one or more boron 
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atoms. More preferably, the anion E" is an anion of the formula BAr 4 () , wherein the 
substituents Ar which can be identical or different are aryl radicals such as phenyl, peota- 
fluorophenyl or bis(trifluoromethyl)phenyl. Tetrakis-pentafluorophenyl borate is particularly 
preferred Moreover, compounds of the formula BAr 3 can conveniently be used. Compounds 
of this type are described, for example, in the published International patent application WO 
92/00333, Further, compounds of the formula RM-O-MR, R being an alky] or aryl group, and 
M is selected from an element of the Group 13 of the Periodic Table of the Elements (new 
IUPAC version). Compounds of this type are described, for example, in the International 
patent application WO 99/40129. 

The catalysts of the present invention can also be used on supports. This is achieved by 
depositing the metallocene compound (A) or the product of the reaction thereof with the 
component (B), or the component (B) and then the metallocene compound (A) on supports 
such as, for example, silica, alumina, magnesium halides, styrene/divinylbenzene copolymers, 
polyethylene or polypropylene. 

A suitable class of supports which can be used is that constituted by porous organic supports 
functionalized with groups having active hydrogen atoms. Particularly suitable are those in 
which the organic support is a partially crosslinked styrene polymer. Supports of this type are 
described in European application EP-633 272. 

Another class of inert supports particularly suitable for use according to the invention is that 
of the olefin, particularly propylene, porous prepolymers described in International 
application WO 95/26369. 

A further suitable class of inert supports for use according to the invention is that of the 
porous magnesium halides such as those described in International application WO 95/32995. 
The solid compound thus obtained, in combination with the further addition of the 
alkylaluminium compound either as such or prereacted with water if necessary, can be 
usefully employed in the gas-phase polymerization. 

According to a still further aspect of the present invention it is provided a process for the 
preparation of polymers of alpha-olefins in the presence of a catalyst comprising the 
product obtainable by contacting: 

(A) a metallocene compound of the general formula (I) ; 
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LGZMXp (I) 
wherein L, G, M, X and p are defined as described above; 
Z is a moiety of formula (II): 




(H) 



wherein A and B are defined as described above; 

R 3 and R 4 , same or different from each other, are selected from hydrogen, a 
C-CValkyl, Q-C^-cycloalkyl, Q-Cjo-alkenyl, Q-C 2(r aryl, Q-Qo-alkylaryl, 
C7-C 10 -arylalkyl radical, optionally containing a heteroatom, 

and 

(B) an ahimoxane and/or a compound capable of forming an alkyl metallocene cation. 
The transition metal M is preferably selected from titanium, zirconium and hafnium. Most 
preferably zirconium is used. The X substituents are preferably chlorine atoms or methyl 
groups. Preferably one of A is a sulfur atom and the other is a CH group. Preferably R 3 , which 
is the same as R 4 , is selected from hydrogen and a C-CVaHcyl group, which can contain a 
sUicon atom. Most preferably R 3 and R* are a methyl or a trimethylsilyl radical. Preferably the 
bridging group L i s =CMc, or ^SiMej. 

Particularly good results are obtained when the process of the present invention is carried 
out in the presence of a metallocene of formula (I), wherein G is a moiety of formula (III): 



(HI) 



wherein R 6 and R 9 , same or different from each other, are selected from hydrogen, a 
C.-Qo-alkyl, C-CVcycloalkyl, Q-C^-alkenyl, Q-Qo-aryl, CVQo-alkylaryl, Q-C^-arylalkyl 
radical, optionally containing a heteroatom, 

R 7 is selected from a C 6 -C 20 -aryI, C,-C J() -alkylaryl or a QR n R ,3 R' 3 group, wherein Q is 
selected from C, Si, Ge, 
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R n , R u and R n , same or different from each other, are hydrogen, C r C 20 -aIkyl, 
C 3 -C 20 -cycloalkyl, C 2 -C 2cr alkenyl, C^C^-aiyl, C 7 -Cj 0 -alkylaryl, C-CVarylalkyJ radicals, 
optionally containing a heteroatora, with the proviso that when Q is a carbon atom, at least 
one of R M , R 12 and R u is a hydrogen atom; and 
R B is hydrogen. 

Preferably R 7 is selected from phenyl, a CHR n R 12 and a SiR n R ,2 R" group, wherein R 11 , R" 
and R u are hydrogen or Q-C^-aBcyl groups. Most preferably QR n R l2 R IJ is an isopropyl or a 
trimethylsilyl group. 

Non-limiting examples of this class of metallocenes used in the process of the present 
invention are 

isopropyUdene(3-isopropyI^yclopentadienyl)-^^ 
b']~dithiophene)zirconium dichloride; 
isc^ropyhdene(3-methyl-cyclopentadienyl)-7-^ 
b']-dithiophene)zirconium dichloride; 

dimethylsilandiyl(3-trimethylsUyl^yclopentadienyl)-7-(2,5-di 
b:4,3-b']-dithiophene)zirconium dichloride; 
isopropyttdene(2-methyl-4-i5opropyl^ycto 
[l,2-b:4,3-b*]-dithiophene)zirconium dichloride; 
isopropylidene(3-i6opropyl-cyclopentadienyl>-7-(2^ 
b:4,3-b , J-dithiophene)zirconium dichloride; 
isopropylidene(3-isopropyl-cyclopentadienyl)^( 
b 7 ]-dithiophene)zirconium dichloride; 
isopropyHdene(2HnethyM-phenyJ-cyclopentadieny 
[ 1 ,2-b :4,3 -b')-dithiophene)zirconium dichloride; 
isopropylidene(3-phenyl-cyclopentadienyl>^ 
b'J-dithiophene)zirconium dichloride; 

isopropylidene(2-methyl^phenyl-cyclopentadienyl>7-(2,5^trimethylsilyl- 
cyclopentadienyl-[l,2-b:4,3-b*]-dithiophene)zirconium dichloride; 
isopropyttdene(2,4-dimethyl^yclopentadien^ 
b:4,3-b*]-dithiophene)zirconium dichloride; 
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isopropyhdene(2,4-dimethyl-cyclopentadienyl>7-(2^ 
[1 ,2-b:4,3-b']-dithiophene)zirconium dichloride; 
dimethylsilandiyl(2,4-dimethyl^yclopen^ 
b :4,3-b ' ]-dithiophene)zirconium dichloride; 
isopropylidene(3-isopropylcyclopentadienyl)-7-(c^^ 
dithiophene)zirconium dichloride and 
isopropylidene(3-methyl^yclopentadienyl^^ 
dithiopheae)hafiuum dichloride. 

Particularly good results are also obtained when the process of flic present invention is canied 
out in the presence of a particular class of metallocenes of formula (I), wherein G is a moiety 
of formula (IV) as mentioned above. 

Non-limiting examples of metallocenes used in the process of the present invention are: 
dimethylsi Jandiy I- 1 -(indenyl)-7-(2 s 5-dimethyl-cyclopentadienyl-[l ,2-b:4,3-b']- 
dithiophene)zirconium dichloride; 

dimethylsilandiyl- 1 -(2-methyl-indenyI)-7-(2,5-dimethyl-cyclopentadienyl-[ 1 ,2-b:4,3-b ' ]- 
dithiophene)zirconium dichloride; 
dimethylsilandiyl-l-(indenyl>7-(2,5^ 
dithiophene)zirconium dichloride. 

The process for the polymerization of olefins according to the invention can be carried out in 
the liquid phase in the presence or absence of an inert hydrocarbon solvent, or in the gas 
phase. The hydrocarbon solvent can either be aromatic such as toluene, or aliphatic such as 
propane, hexane, heptane, isobutane or cyclohexane. 

The polymerization temperature is generally comprised between -100°C and +100°C and, 
particularly between 10°C and +90°C- The polymerization pressure is generally comprised 
between 0,5 and 100 bar. 

The lower the polymerization temperature, the higher are the resulting molecular weights of 
the polymers obtained. 

The polymerization yields depend on the purity of the metalloceoe compound of the catalyst. 
The metallocene compounds obtained by the process of the invention can therefore be used as 
such or can be subjected to purification treatments. 
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The components of the catalyst can be brought into contact with each other before the 
polymerization. The pre-contact concentrations are generally between 0.1 and 10**mol/l for 
the metallocene component (A), while they are generally between 2 and lCT* mol/1 for the 
component (B). The pre-contact is generally effected in the presence of a hydrocarbon solvent 
and, if appropriate, of small quantities of monomer. In the pre-contact it is also possible to use 
a non-polymerizable olefin such as isobutenc, 2-butene and the like. 

The propylene polymers obtainable with the process of the present invention may have a 
varying content of isotactic sequences. 

In the structure of the above polymers of propylene it is observed that the isotactic triads 
(mm) satisfy the relation: 
30<mm<85 and 
preferably 40 < mm < 80. 

The tacticity of the polymeric chain, i.e. the distribution of the relative configuration of the 
tertiary carbons, is determined by "C-NMR analysis. 
The melting enthalpy is generally lower than 70 J/g. 

The molecular weights of the above said propylene polymers can be quite high. Thus, the 
intrinsic viscosity can reach values of greater than 0.5 dl/g, even greater than 1 dl/g. 
Further, the molecular weights of the propylene polymers are distributed over relatively 
limited ranges. The molecular weight distribution can be represented by the ratio Mw/Mu 
which, for the present polymers, is generally lower than 4, preferably lower than 3.5 and, 
more preferably, lower than 3. 

The molecular weight distribution can be varied by using mixtures of different metallocene 
compounds or by carrying out the polymerization in several stages which differ as to the 
polymerization temperature and/or the concentrations of the molecular weight regulators. 
The polymerization reaction according to the invention can be carried out in the presence of 
ethylene or of a C 4 -C 10 alpha-olefin comonomer. Thus a further aspect of the present invention 
is a propylene copolymer containing from 0.1 to 20% by moles of units deriving from an 
olefin of formula CH^CHR, R being hydrogen, a CVQo-alkyl or a C 6 -C ir aryl group, said 
propylene copolymer having the following characteristics: 
melting enthalpy < 70 J/g; 
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triads (mm) satisfy the relation: 30 < mm < 85. 
Non-limiting examples of alpha-olefins which can be used as comonomers in the copolymers 
according to the present invention are ethylene, 1-butene. 1-pentene, 1-hexene, 4-methyM- 
pentene, 1-octene, 1-decene, 1-dodecene. styrene, 1 ,5-hexadiene and 1 ,7-octadiene. A 
preferred comonomer is ethylene. 

The amount of comonomer in the propylene copolymers of the invention can vary from 0. 1 to 
20% by moles, preferably from 0.1 to 10% by moles, more preferably from 0.1 to 5% by 
moles.. 

The polymers of the invention are endowed with good elastomeric properties as well as with 
good optical properties, being quite transparent. 

The polymers of the invention are transformable into shaped articles by conventional material 
processing, such as molding, extrusion, injection etc. 

A still further aspect of the present invention is the use of a propylene polymer optionally 
containing from 0.1 to 20% by moles of units deriving from an olefin of formula CH a =CHR, 
R being hydrogen, a C 2 -C M -alkyl or a Q-CVaryl group, said propylene polymer having the 
following characteristics: 

melting enthalpy < 70 J/g; 

triads (mm) satisfy the relation: 30 < mm < 85; 
for the preparation of synthetic leather, roofing blends, geomembranes, transparent objects, 
foamed beds, as additive for bitumen or as polymer support for pigments and/or colors in 
masteibatches. 

Preferably the propylene polymer has intrinsic viscosity values [rj] of greater than 0.5. 
Preferably in said propylene polymer the isotactic triads (mm) satisfy the relation 40 < 
isotactic diads (m) < 80. 
EXAMPLES 
General procedures. 

All operations were performed under nitrogen by using conventional Schlenk-line 
techniques. Solvents were purified by degassing with N 2 and passing over activated (8 
hours, N, purge, 300 °C) A1A. and stored under nitrogen. «-BuU (Aldrich) was used as 
received. 
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The proton and carbon spectra of ligands and metallocenes were obtained using a Broker 
DPX 200 spectrometer operating in the Fourier transform mode at room temperature at 
200.13 MHz and 50.32 MHz respectively. The samples were dissolved in CDC1 3 or CD 2 Ci 2 . 
As reference the residual peak of CHC1 3 or CHDC1 2 in the 'H spectra (7.25 ppm and 5.35 
ppm, respectively) and the peak of the solvent in the l3 C spectra (77.00 ppm for CDC1 3 ) 
were used. Proton spectra were acquired with a 15° pulse and 2 seconds of delay between 
pulses; 32 transients were stored for each spectrum. The carbon spectra were acquired with 
a 45° pulse and 6 seconds of delay between pulses; about 512 transients were stored for 
each spectrum- All NMR solvents were dried over P 4 O, 0 and distilled before use. 
Preparation of the samples was carried out under nitrogen using standard inert atmosphere ^ 
techniques. 

The proton and carbon spectra of polymers were obtained using a Broker DPX 400 
spectrometer operating in the Fourier transform mode at 120 °C at 400.13 MHz and 100.61 
MHz respectively. The samples were dissolved in C 2 D 2 Cl4. As reference the residual peak 
of C 2 DHCU in the J H spectra (5.95 ppm) and the peak of the mmmm pentad in the l3 C 
spectra (21.8 ppm) were used. Proton spectra were acquired with a 45° pulse and 5 seconds 
of delay between pulses; 256 transients were stored for each spectrum. The carbon spectra 
were acquired with a 90° pulse and 12 seconds (15 seconds for ethylene based polymers) of 
delay between pulses and CPD (waltz 16) to remove 'H- l3 C couplings. About 3000 
transients were stored for each spectrum. 

GC-MS analyses were carried out on a HP 5890 - serie 2 gas-chromatograph and a HP { 
5989B quadrupole mass spectrometer. 

The intrinsic viscosity (LV.) was measured in tetrahydronaphtalene solution (THN) obtained 
by dissolving the polymer at 135°C for 1 h. 

The melting points of the polymers (T J were measured by Differential Scanning Calorimetzy 
(D.S.C.) on an instrument Peridn Elmer DSC-7, according to the following method. The 
instrument was calibrated with indium and tin standards. Weighted sample (5-10 mg) obtai- 
ned from the polymerization was sealed into aluminum pans and heated at 200°C with a 
scanning speed corresponding to 20°C/minule. The sample was kept at 200°C for 5 minutes to 
allow a complete melting of all the crystallites. Successively, after cooling to 0°C with a 
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scanning speed corresponding to 20°C/minutc, the peak temperature was assumed as 
crystallization temperature (TJ. After standing 5 minutes at 0°C, the sample was heated for 
the second time at 200°C with a scanning speed corresponding to l0°C/min. In this second 
heating nm, the peak temperature was assumed as melting temperature CO and the area as 
global melting enthalpy (AH,). 

The distribution of molecular weights was determined by GPC carried out on an instrument 

WATERS 200 in oxthodichlorobenzene (stabilized with BHT, 0-1 wt%) at 135°C. 

A commercial (Witco) 10% toluene solution of methylalumoxane (MAO) was dried in 

vacuum until a solid, glassy material was obtained, which was finely crushed and further 

treated in vacuum until all volatiles were removed (4-6 h, 0.1 mmHg, 50°C) to leave a white, 

free-flowing powder. 

The following abbreviations are used: 

THF = tetrahydrofuran 

EtjO - diethyl ether 

Me2SiCl 2 = dichlorodimethylsilane 

MeaSiCl - chlorotrimethylsilane 

CuC^ = copper (II) chloride 

B(OMe) 3 = trimethyl borate 

DMF » N^J-dimethylformamide 

n-BuLi = normal butyllithjum 

Dppf= diphenylphosphinoferrocene 

TMEDA = N,N,>r JN'-tetramethylethylenediamine 

ZrCX, = zirconium tetrachloride 

HfCU = hafnium chloride 

PREPARATION OF THE LIGAND PRECURSORS 
Synthesis of chIoro(l-indenyl)dimethylsilane 




37.5 mL of a 2,5 M solution of n-BuLi in hexane (93.75 mmol, w-BuLkindene « 1 .1:1) was 
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added dropwise to a solution of indene (purity 90 %, 1 1 g, 85.23 ramol) in 60 mL of Et 2 0, 
previously cooled to -78°C At the end of the addition, the yellow slurry was allowed to 
reach room temperature and stirred for 4 hours to give an orange solution. The solvents 
were evaporated under reduced pressure to give a yellow solid, which was taken up in 75 
mL of hexane; the milky suspension was stirred for few minutes and the lithium salt of 
indene (white precipitate) was filtered and washed with hexane (3x20 mL). The solid was 
again slurried in hexane (40 mL) and added to a stirred solution of Me^SiCl 2 (15.5 mL, 
127.84 mmol, MejSiCyindLi = ) .5:1) in 50 mL of hexane, previously cooled to -78 °C. At 
the end of the addition, the mixture was allowed to reach room temperature and stirred 
overnight The suspension was then filtered, and the filtrate brought to dryness in vacuum 
to yield a light yellow oil (16.5 g) of (l-Ind^iMejCl free ftom its vinylic isomer (yield 89 
%). The title compound was analyzed by 'H NMR spectroscopy. 
Synthesis of chloro(2-Me-l-indenyl)dimethylsilane 

Si(CH 3 ) 2 C! 

P " 

4.56 mL of a 2.5 M solution of *-BuLi in hexane (11.4 mmol) was added dropwise to a 
solution of 2-methylindene (Boulder Scientific Coirpany, 1.45 g, 11.1 mmol) in 11 mL of 
El a O, previously cooled to -78 °C. At the end of the addition, the mixture was allowed to 
reach room temperature and stirred for 4 hours to give a yellow suspension. The solvents 
were evaporated under reduced pressure to give a yellow solid, which was taken up in 
hexane; the milky suspension was stirred for few minutes and the lithium salt of 2- 
methylindene (white precipitate) was filtered and washed with hexane. The solid was again 
slurried in hexane and added to a stirred solution of Me^SiCl^ (1.85 mL, 16-6 mmol, 
MejSiClj/IndLi = 1.5:1) in 7 mL of hexane, previously cooled to -78 °C. At the end of the 
addition, the white thick slurry was allowed to reach room temperature and stirred 
overnight. The suspension was then filtered and the filtrate brought to dryness in vacuum to 
yield a light yellow oil (1.98 g) of (2-Me-l-Ind)SiMe 2 Cl (yield 80 %). The title compound 
was analyzed by *H NMR spectroscopy. 

Synthesis f bis(3^-dibromo-2-thienyl)methan 1 (or a^SS^S'-tetrabromo^^'- 
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dithienyl carbin 1) 




A solution of 31.35 g of 2,3,5-tribromothiophene (Lancaster, 98%, MW = 320.84, 95.75 
ramol) in 70 mL of ether was cooled to -78°C and added dropwise of 38.3 mL of a 2.5 M 
n-BuLi solution in hexane (95.75 mmol). The resulting mixture was allowed to warm up to 
room temperature, stirred in additional 1 h and then added at 0 -s- -10°C to a solution of 3.86 
mL of ethylfonnate (Aldrich, 97%, MW = 74.08, d = 0.917, 46.35 mmol) in 20 mL of 
hexane, previously cooled to 0 -5- -10°C. At the end of the addition (~ 20 min) the reaction 
mixture was allowed to warm up to room temperature and then refluxed for 1 b. The 
resulting mixture was quenched with 7.5 mL of water, the organic layer was separated, 
dried by magnesium sulphate and the solvents evaporated giving 23.2 g of a light brown 
solid, which was analyzed by 'H NMR, 13 C NMR, GC-MS. Purity = 93.0%. Isolated yield 
towards ethylfonnate = 90.9%. The title compound was analyzed by l H NMR and 13 C NMR 
spectroscopy. 

Synthesis of 3 1 3%5 > 5 , -tetrabromo-2^'-dithienylmethane 

.Br 




Trifluoroacetic acid (0.25 mL, Aldrich, 99%, MW = 1 14.02, d = 1 .48, 3.24 mmol) was added 
at room temperature to a solution of 1.75 g of bis(3,5-dibromo-2-thienyl)mcthanol (93.0%, 
MW = 511.90, 3.18 mmol) in 15 mL of methylene chloride containing 0.50 mL of 
triethylsilane (Aldrich, 99%, MW = 116.28, d= 0.728, 3.13 mmol). The resulting red solution 
was stirred for 1 h at room temperature, neutralized with solid potassium carbonate (0.4 g, 
MW = 138.21, 2.89 mmol), filtered and evaporated to leave a light red solid. Yield of crude 
product = 100%. 

The title compound was analyzed by *H NMR and n C NMR spectroscopy. 
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Synthesis of 3,3'Hiibromo-5,5'^methyI-2,2'-dithienylmetliaiie 




A precooled (-20°C) 2.5 M solution of »-BuLi in hexane (41.1 mL, 102.75 mmol) was 
added at -2G*C to a solution of 25.48 g of 3,3',5,5'-tetrabromo-2,2'-<iithienylinethane (MW 
= 495.90, 5T.38 mmol) in 100 mL of EtjO. After 30 mm stirring at -20°C, a precooled (- 
20°Q ethereal (10 mL) solution of dimethyl sulphate (Aldrich, 9.72 mL, MW = 126.13, d = 
1.333, 102.75 mmol) was added. The resulting black suspension was stirred for 45 min at — 
20°C; the cooling bath was then removed and the flow of nitrogen stopped. A 4 N solution 
of sodium hydroxide (2.5 mL, 1 0 mmol) was added and the mixture vigorously stirred for 2 
h at room temperature. The resulting reaction mixture was dried by magnesium sulphate, 
filtered, the residue on the fiit washed twice with ether (to recover all the product) and the 
filtrate concentrated under reduced pressure at 40°C for 2 h giving 17.8 g of a brown solid- 
Purity = 87.8% (by GC-MS). Yield of pure product = 83.1% (raw yield = 94.6%). 
The title compound was analyzed by ! H NMR, ,3 C NMR and MS spectroscopy. 
Synthesis of 2 3 5-dimethyl-7H-cyclopenta[l,2-b:43-b 5 ]dithiophene (or 2,5-dimethyl- 
7H-thieno[3%2 , :3,4]cyclopenta[b]thiophene) 




A solution of 0.1 mol of S^'Klibromo-SjS'-dimethyl^^'-dithienylmethane in 200 mL 
ether was treated with 0.23 mol of n-BuLi at -70°C. At the end of the addition, the reaction 
mixture was stirred for additional 30 min at the same temperature. Then 0.265 mol of CuCl 2 
was added quickly. The resulting mixture was allowed to warm up to room temperature and 
stirred for 12 h. The final suspension was poured into water, the organic layer was separated 
and concentrated. The residue was recrystallized from ether. Yield 25%. The title 
compound was analyzed by l H NMR and 13 C NMR spectroscopy. 
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Synthesis of 3,3^dibromo-5,5'-ditrimett^ 



Me^Si 




A 2.18 M solution of «-BuLi (65 mL, 141.7 mmol) was added at -70°C to a solution of 
34.8 g of S.S'^.S'-tetrabronjo^^'-dithienylmethane (70.2 mmol) in 150 mL of ether. The 
mixture was stirred for 30 min at the same temperature and then added of 35.5 mL of 
Me 3 SiCl (280 mmol) in 65 mL of ether. The resulting mixture was allowed to warm up to 
room temperature, the LiCl was filtered, and the mother solution was evaporated to give an 
oil which represented the target compound in at least 95% purity. To this oil 50 mL of 
hexane was added and the resulting solution kept at ^30°C for 10 h. Big crystals were 
isolated, washed with cooled hexane and dried. Yield of recrystallized product 60%. The 
title compound was characterized by 'H-NMR and 13 C-NMR spectroscopy. 
Synthesis of IjS-ditrimethylsilyl-TH-cycIopentatl^-b^^-b'Jdithiophene (or 2^- 
dlmefliyltriinetliylsUyl-TH-thienoiaSZ^a^jcyclopentaCblthiophene) 



A solution of 0.1 mol of 3 > 3 5 -dibromo-5 f 5 , -ditrimettiylsilyl-2,2 , -dithienylmethane in 200 
mL ether was treated with 0-23 mol of »-BuLi at -70°C At the end of the addition, the 
reaction mixture was stirred for additional 30 min at the same temperature. Then 0.265 mo) 
of CuCla was added quickly. The resulting mixture was allowed to warm up to room 



packed with Si0 2 using hexane or a mixture hexane/cther as eluent. The resulting solution 



product. Yield 50-60%. The crude product can be further purified in ether by filtration at 0 
6 C or by recrystallization from pentane. The title compound was characterized by 'H-NMR 
and "C-NMR spectroscopy* 




temperature and stirred overnight. The resulting suspension was poured into water, the 
organic phase was separated and concentrated. The residue was passed through a column 



was evaporated giving a crystalline or oily-crystalline solid which represented the desired 
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Synthesis of 3,3 , ^ibromo-5^^ihydroxyboryK2 > 2 , -dithienylmethaiie 

(OHfeB- \Js ' S 

A L6N solution of «-BuLi (100 ml, 160mmol) was added to a solution of 39.6 g of 
3,3 > ,5,5 , -tetrabromo-2,2 1 -dithienyjTnelhane (79.8 mmol) in 150 mL ether at -70°C. The 
mixture was stirred for 30 min at the same temperature and then added of 23.3 g of 
B(OMe) 3 (220mmol) in 100 mL of ether. The reaction mixture was allowed to warm up to 
room temperature. The resulting suspension was treated with 1 00 mL of a 1 0% aqueous 
HC1 solution, the organic layer was separated, washed twice with 50 mL of a 10% aqueous 
NajCOj solution, evaporated and dried. The resulting solid which represented the crude di- 
boronic acid was used in the next step without further purification. The title compound was 
characterized by 'H-NMR and l3 C-NMR spectroscopy. 
Synthesis of 3^'-dibromo-5^5 9 -diphenyl-2 9 2'-dithienylmetibia0e 

BrBrv 

-$ 

L81 g of S^^bromo-S.S'-dihydroxyboryl^^'-dithienylmethane (3.76 mmol), 1.40 g of 
Phi (6.84mmol), 0.15 g of PdCl 2 (dppf) 2 (0.2lmmol), 120 mL of DMF and 8 mL of EtjN 
were placed into the reaction flask and this mixture was stirred at 80°C for 2 h. The 
resulting mixture was poured into a CH 2 CVwater two-phase system. The organic layer was 
collected, washed twice with 30 mL of 10% phosphoric acid, then with water and finally 
evaporated. The residue was passed through a column packed with Si0 2 using 
hexane/CH 2 Cl2 ~ 1/1 as eluent. The resulting solution was evaporated, the residue washed 
with hexane and dried to give 0.6 g of diphenyl derivative. Yield 32%. The title compound 
was characterized by l H-NMR and ,3 C-NMR spectroscopy. 
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Synthesis of 2,5-dipbenyl-7H-cycl penta[l^-b:4^-b']dithiophene (or 2,5-diphenyl - 
7H-thienoI3' ,2' :3^]cyclopeota[b]thiophene) 

A 1.6 N n-BuLi solution (11.9 mL, 19 mrool) was added to a solution of 4.24 g of 3,3'- 
dibromo-S^^-diphenyl^^'-dithienylmethane (8.65 mmol) in 50 mL of ether at -70°C. At 
the end of the addition, the reaction mixture was stirred for additional 30 min at the same 
temperature. Then 5.6 g of CuCl 2 (41.8 rnmol) was added quickly. The resulting mixture 
was allowed to warm up to room temperature and stirred overnight. The final suspension 
was poured into water, the organic phase was separated and the solvent evaporated. The 
residue was passed through a column packed with Si0 2 using hexane/CH 2 Cl 2 » 4/1 as 
elucnt. The resulting solution was evaporated to leave a residue, which was washed with 
hexane and dried to give 1.1 g of crystalline solid. Yield 38%. The title compound was 
characterized by 'H-NMR and l3 C-NMR spectroscopy. 
Synthesis of 3 >3 • -dib r o mo-2, 2 '-dith ieny lmeth ane 




49,59 g of 33%5»5 , -tetrabromo-2,2'-dithienylmeaiane (0.1 mol), 19.6 g of zinc powder (0.3 
mol), 120 mL of acetic acid and 40 mL of water were placed into the reaction flask. This 
suspension was refluxed under stirring for 3 h. The resulting mixture was poured into 300 
mL of water and extracted twice with 200 mL of CHjCl^ The solvents were removed in 
vacuum and the residue was recrystallized from 100 mL of ethanol. Yield 27g (80%). The 
title compound was characterized by l H-NMR and ,3 C-NMR spectroscopy. 
Synthesis of TH-cyclopeutaEl^b^^-b^dithiophene (or 7H- 

thieno[3%2>:3,4]cyclopenta[b]thiopliene) 
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A 1 .6 N solution of w-BuLi (47ml, 75.2 mmol) was added to a solution of 11 .5 g (34.0 
mmol) of 3,3Mibromo-2,2^thienylmethane in 200 mL ether at -70°C. After the addition 
was completed, the mixture was stirred for additional 30 min at the same temperature. Then 
1 1 . 1 g (82,6 mmol) of CuCl 2 was added quickly. The reaction mixture was allowed to warm 
up to room temperature and stirred overnight. The resulting suspension was poured into 
water, the organic layer was collected and concentrated. The residue was passed through a 
column packed with Si0 2 using hexane or a mixture hexane/ether as eluent. The resulting 
solution was evaporated and the residue was recrystallized from pentane. Yield 1.2 g 
(20%). The title compound was characterized by 'H-NMR and ,3 C-NMR spectroscopy. 
Synthesis of 2-methyI-4-br omo-thiophene 

'l w 

1 mol of 2-thiophenecarboxaldehyde was added to 2.5 mol of pulverized A1C1 3 under 
stirring keeping the temperature below 40°C. At the end of the addition the liquid complex 
was solidified; then 1 .2 mol of bromine was carefully added dropwise under stirring. When 
the addition was complete, stirring became impossible because of the mixture solidified 
completely. This solid substance was poured into a mixture of ice (0.5 Kg) and 
hydrochloric acid (100 mL, 32%), then 300 mL of CH 2 C1 2 was added. The organic phase 
was separated and the solvent removed. The resulting substance (4-bromo-2- 
thiophenecarboxaldehyde) was dissolved in 700 mL of di(ethylene glycol) and the so- 
obtained solution was treated with 5.5 mol of hydrazine hydrate. The resulting mixture was 
refluxed for 30 min. After cooling up to room temperature, 2.75 mol of potassium 
hydroxide was added. After the gas evolution was over, the distillation was started and the 
fraction before 150°C was collected. This fraction represented the mixture of water and 
desired product: the organic layer was separated and distilled at 60°C/10 torr. Yield 52%. 
'H NMR (8 in pprn, CDC1 3 ): 6.99 (d, 1H, H a ); 6.69 (q, 1H* Hp); 2.48 (d, 3H, CH 5 ). 
Synthesis of 2-methyl-4-formyl-thiophene 

CHO 
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To a stirred solution of 44.26g of 2-methyl-4-bromo-thiophene (0.25 mol) in 300 mL of 
ether, 164 mL of a 1.6 M solution of «-BuLi (0.26 mol) was added at -70°C. The resulting 
solution was kept under stirring at -60 -s- -70°C for 30 min and then was treated with 27.4 g 
of dimethylformamide (0.37 mol) in 100 mL of ether. The mixture was allowed to warm up 
to room temperature, then neutralized with 10% aqueous solution of NH 4 C1, washed with 
10% aqueous solution of H 3 P0 4 and finally with water up to neutral pH. The organic phase 
was collected, evaporated and distilled at 1 lO'C/lOmmHg. Yield 22.3 g (71%). The title 
compound was characterized by 'H-NMR spectroscopy. 
Synthesis of l^'-dimethyM^'-dithienylmethane 



1 13 mL of 1 .6 M «-BuLi solution (0. 18 mol) was added to a solution of 3 1 .3 g of 2-methyl- 
4-bromo-thiophene (0.177 mol) in 150 mL of ether at -70°C under stirring. The resulting 
solution was kept under stirring at -60 + -70°C for 30 min and then was added of 22.3 g of 
2-roethyl-4-formyl-thiophene (0.177 mol) in 100 mL of ether. The mixture was allowed to 
warm up to room temperature, then neutralized with 10% aqueous solution of NH4CI and 
washed with water. The organic phase was separated and evaporated (crude bis(2-methyl-4- 
thienyl)methanol or 2^ T -dimethyl-4,4 , -dithienyl carbinol). 

A suspension of 35.5 g of A1CL, (0.266 mol) in 100 mL of ether was added slowly to a 
suspension of 10 g of LiAlH, (0.266 mol) in 100 mL of ether. The resulting mixture was 
treated with the solution of the carbinol obtained as above described in 100 mL ether. Then 
the reaction mixture was refluxed for additional 1 h, cooled up to room temperature and 
finally added of 100 mL of ethyl acetate. After it was treated with 300 mL of water and 300 
mL of ether. The organic phase was collected, washed with water, dried by MgS0 4 and 
evaporated. The residue was distilled at 90*-l 10°C/0.5 mmHg. Yield 23 .2g (63%). 
The title compound was characterized by 'H-NMR spectroscopy. 
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Synthesis of 2,6-dimethyMH-cycl penta[2,l-b:3,4-b']dithiophene (or 2,6-dimethyl- 
4H-thieno[3%2':2^]cyclopenta[b]thiophene) 




1.04 g of 2 > 2 , -dimethyl-4,4 , .dithiefnylmcthane (5 mmol) was dissolved in 30 mL of ether 
and added of 9 mL of 1.6 M solution of n-BuLi (14.4 mmol) and of 1.74 g of TMEDA (15 
mmol) at -70°C under stirring. The resulting mixture was allowed to warm up to room 
temperature, stiiTed for 1 h, then cooled again to -70°C and treated with 2.7 g of CuCl 2 (20 
mmol). The resulting reaction mixture was allowed lo warm up to room temperature and 
added of 30 mL of water. The organic phase was collected and passed through a column 
packed with silica gel. The resulting solution was evaporated to give 0.34 g of the product. 
Yield 34%. 

The title compound was characterized by 'H-NMR spectroscopy. 
PREPARATION OF THE LIGANDS 
Example 1 

Synthesis of l-(indenyl)-7-(2 ? 5-dimethyl-cycIopenta [l,2-b:4^-b']-dithiophene) 
ditnethylsilane 




3. 13 mL of a 1 .6 M solution of w-BuLi (5 mmol) was added at -70°C to a solution of 1.03 g 
(5 mmol) of 2,5-dimethyi-7H-cyclopenta[l,2-b:4,3-b , ]-dithiophenc in 20 mL of ether. The 
resulting mixture was stirred for additional 30 min at 0°C, then cooled again to -70°C and 
treated with 1.04 g (5 mmol) of chloro(l-indenyl) dimethylsilane in 10 mL of ether. The 
reaction mixture was allowed to warm up to room temperature and then treated with a 
saturated aqueous solution of NH 4 C1. The organic phase was isolated and the solvent was 
removed to give the crude product as an orange oil in 100% yield (1 .89 g). 
The title compound was characterized by 'H-NMR spectroscopy. 
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Example 2 

Synthesis of (2-mcthyl-l-indenyl>7-(2^-dimethylH:yclopenta ll^-btf^-b'J- 
dithiophene) dimethylsilane. 

The procedure for the synthesis of l-(indenyl)-7-(2,5-dimethyl-cyclopcnta [l,2-b:4 f 3-b*]- 
dithiophene) dimethylsilane described in Example 1 was followed, except that chloro(2- 
melhyl-l-indenyl) dimethylsilane was used instead of the chloro(l-indenyl) dimethylsilane. 
Example 3 

Synthesis of 2 ? 2-(3-inethyl<ycIopentadienyl)-7-(2,5-dimethyI-cyclope»ta [l,2-b:4^-b*l- 
dithiophene)propane 



Mea</ 



3.13 raL of a 1.6 M solution of w-BuLi (5 mmol) was added at-70°C to a solution of 1.03 g 
(5 mmol) of 2,5-dimetbyl-7H-cyclopenta[l 9 2-b:4,3-b*]-dithiophene in 20 mL of ether. The 
resulting mixture was stirred for additional 30 min at 0°C, then cooled again to -70°C and 
treated with 0.6 g (5 mmol) of 3,6,6-trimethylfulvene in 10 mL of ether. The reaction 
mixture was allowed to warm up to room temperature and then treated with a saturated 
aqueous solution of NH4CI- The organic phase was isolated, dried by MgS0 4 and 
concentrated- The residue was recrystallized from hexanc. Yield 1.0 g (62%). The title 
compound was characterized by 'H-NMR spectroscopy* 
Example 4 

Synthesis of 2^-(2,4-dimethyl-cyclopentadienyI>-7-(2,5.diroethyl-cyclopenta [l,2-b:4,3- 
b'J-dtthiophene)propane 

The same procedure as described in Example 3 was followed (see below for details). 
Example 5 

Synthesis of 2,2.(3-isopropyI-cyclopentadienyI)-7-<2 > 5-dimethyl-cyclopenta [l,2-b:4,3- 
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b']-dftthiophene)pr pane 




3.13 mL of a 1.6 M solution of /f-BuLi (5 mmol) was added at -70°C to a solution of 1,03 g 
(5 mmol) of 2,5-dimethyl-7H-cydopenta[l 1 2-b:4,3-b']-dithiophene in 20 mL of ether. The 
resulting mixture was stirred for additional 30 min at 0°C, then cooled again to -70°C and 
treated with 0.74 g (5 mmol) of 3-isopropyl-6 f 6-dimethylfulvcne in 10 mL of ether. The 
reaction mixture was allowed to warm up to room temperature and then treated with a 
saturated aqueous solution of NH4CI. The organic phase was isolated, dried by MgS0 4 and 
concentrated. The residue was recrystallized from hex an e. Yield 0.85 g (48%). 
The title compound was characterized by l H-NMR spectroscopy. 
Example 6 

Synthesis of 2,2H;3-isopropyl^yclopentadienyl)-7-(2,5-ditrimethylsilyl-cyclopenta [1,2- 
b:4 r 3-b')-dithiophene)propane 

The same procedure as described in Example 5 was followed (see below for details). 
Example 7 

Synthesis of 2,2-(3-isopropyl-cyclopentadlenyl)-4-(2,6-dimethyl-cyclopenta[2,l-b :3*4- 
b']dithiophene)propane 

The same procedure as described in Example 5 was followed (see below for details). 
Example 8 

Synthesis of 2,2-(3-tert-butyl-cyclopentad(enyl)-7-(2,5-dimethyl-cyclopenta [l,2-b:4,3- 
b']-dithiophene)propane 




3.13 mL of a 1 .6 M solution of «-BuLi (5 mmol) was added at -70°C to a solution of 1.03 g 
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(5 mmol) of 2,5-dimethyl-7H-cyclopenta[l,2-b:4 > 3-b , ]-dithiophene in 20 mL of ether. The 
resulting mixture was stirred for additional 30 min at 0°C, then cooled again to -70°C and 
treated with 0.81 g (5 mmol) of 3-tert-butyl-6,6-dimethyl£ulvene in 10 mL of ether. The 
reaction mixture was allowed to warm up to room temperature and then treated with a 
saturated aqueous solution of NH<C1. The organic phase was isolated, dried by MgS0 4 and 
concentrated. The residue was recrystallized from hexane. Yield 0.94 g (51%). The title 
compound was characterized by ! H-NMR spectroscopy. 
Example 9 

Synthesis of 2,2-(3.phenyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopenta [l f 2-b:4 r 3-b'l- 
dithiophene)propane 



Ph 




3.13 mL of a 1.6 M solution of n-BuLi (5 mmol) was added at -70°C to a solution of 1.03 g 
(5 mmol) of 2 f 5-dimethyl-7H-cyclopenta[l^-b:4,3-b']»dithiophene in 20 mL of ether. The 
resulting mixture was stirred for additional 30 rain at 0°C, then cooled again to -70°C and 
treated with 0.98 g (5 mmol) of 3-phenyi-6,6-dimetbylfuivene in 10 mL of ether. The 
reaction mixture was allowed to warm up to room temperature and then treated with a 
saturated aqueous solution of NH<CL The organic phase was isolated, dried by MgS0 4 and 
concentrated. The residue was recrystallized from hexane. Yield 0.57 g (29%). 
The title compound was characterized by 'H-NMR spectroscopy. 
Example 10 

Synthesis of 24-(2-methyl^phenyl^ydopentadieny^ 11,2- 
b:4,3-b']-dithiophene) propane 

The same procedure as described in Example 9 was followed (see below for details). 
Example U 

Synthesis f 2,2-(3-kopr pyl-cyclopentadienylKMcycl penta ll^-b:4,3-bn- 
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ditfai phene)pr pane 




3.13 mL of 1.6 M solution of *-BuLi (5 mmol) was added to a solution of 0.89 g (5 mmol) 
of the TH-cyclopentafl^-b^^-b'Jdithiophene in 20 mL of THF at -70°C. The resulting 
mixture was stirred for additional 30 mm at 0°C, then cooled again to -70°C and treated 
with 0.74 g (5 mmol) of 3-isopropyl-6,6-dimethylfulvene in 10 mL of ether. The reaction 
mixture was allowed to warm up to room temperature and then treated with a saturated 
aqueous solution of NH4CI. The organic phase was isolated, dried by MgSO« and 
concentrated. The residue was passed through a column packed with silica gel using hexanc 
as eluent v (R,= 0.8). Yield 1.05 g (64%). The title compound was characterized by 'H-NMR 
spectroscopy. 

PREPARATION OF THE METALLOCENE3 
Example 12 (comparison) 

Synthesis of isopropylidene{(cyclopentadienyI)-7-(cyclopenta{l 9 2-b:4 9 3-b'1- 
dithiophene)}zirconium dichloride [Me B C(Cp)(7-TTi»-Cp)ZrCl 2 J 

It was carried out as described in the Example 6 of WO 98/22486. 
Example 13 

Synthesis of dimethyl5ilvU(l-indenvt)-7-f2,5*dimethyl-cyclopenta ri,2-b;4,3-b'1- 
dithiopheneU zirconium dichloride [Me,SiQnd)(7-MeTh^Cp)Zrgj 




6.25 mL of a 1.6 M n-BuLi (10.0 mmol) solution was added at -70°C to a solution of 1.89 
g (5.0 mmol) of l-(indeny^)-7-(2,5.dimethyl-cyclopenta[l 1 2.b:4,3-b , ]- 
dithiophene)dimethylsilane in 20 mL of ether. The mixture was allowed to warm up to 0°C 
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and then was treated with 1.16 g (5.0 mmol) of ZrCl 4 . The reaction mixture was refluxed 
under stirring for 3 h and then added of 50 mL of CHjClj at room temperature. The 
resulting solution was isolated and evaporated. The residue was rccrystallized from 
CHXVhexane. Yield 0.81 g (30%). The title compound was characterized by 'H-NMR 
spectroscopy. 
Example 14 

Synthesis of dimethylsayl{(2-methyl-l-mdOT^ [l,2-b:4,3- 
b']-dithiopbene)} zirconium dicbloride [Me 2 Si(2-Me-Ind)(7-MeTh 2 -Cp)Zraj 

The procedure described in Example 13 was followed, except that (2-methyH-indenyl)-7- 
(2,5-dimethyl-cyclopenta [l,2-b:4 s 3-b']^imiophene)dimethylsilane was used instead of the 
l-(mdenyl)-7^2,5^imethyUyclopent^ 
Example 15 

Synthesis of isopropylidene{ (3-methyl-cyclopentadienyl)-7-(2,5-diinethyl- 
cyclopenta[l,2-b:4^-b'J-dithiophene) }zirconium dicbloride 
[Me,C(3-Me~Cp)(7-MeTh r Cp)ZrCIJ 




2.3 mL of 1.6 M n-BuLi solution (3.7 mmol) was added at -70°C to a suspension of 0.6 g 
(1.85 mmol) of 2.2-(3-memyl^yclo P entadienyl)-7K2,5-dimethyl-cyclopcxita[l^-b:4,3-b']- 
dithiophene)propane in 20 mL of ether. The mixture was allowed to warm up to 0°C and 
then was treated with 0.43 g (1 .85 mmol) of ZrCl«. The reaction mixture was refluxed under 
stirring for 3 h, then the yellow precipitate was filtered, washed twice with ether, dried and 
finally recrystallized from CHjCl,. Yield 0.72 g (80%). The title compound was 
characterized by 'H-NMR spectroscopy. 
Example 16 

Synthesis of isopropylidene{ (3-methyH;yclopentadienyl)-7-(2^-dimettiyI- 
cyc!openta(M-b;4,3-b']-dithi phene) } hafnium dichloride 
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[Me,C(3-Me-Cp)(7-MeThj-Cp)HfCIJ 




2.5 mL of 1.6 M /i-BuLj solution (4.0mmol) was added at -70°C to a suspension of 0.65 g 
(2.0 mmol) of 2,2-(3-methyl^yclopentadienyl)-7^2 t 5-dim 

dithiophene)propane in 20 mL of ether. The mixture was allowed to warm up to 0°C and 
then was treated with 0.64 g (2.0 mmol) of HfCl<. The reaction mixture was refluxed under 
stirring for 3 h, then the yellow precipitate was filtered, washed twice with ether, dried and 
finally recrystallized from CH 2 C1 2 - Yield 0-48 g (42%). The title compound was 
characterized by 'H-NMR spectroscopy. 
Example 17 

Synthesis of isopropylidene{ (2 y 4-dimethyl-cyclopentadieny0-7-(2 9 5-dimetbyl- 
cyclopenta[l,2-b:4^-b']-dithiophene) } zirconium dichloride 
[Me z C(2,4-Me 1 -CpK7-MeTh i -Cp)ZrClJ 




3.13 ml of 1.6 M /i-BuLi solution (5.0mmol) was added at -70 °C to a solution of 1.03 g 
(5.0 mmol) of 2,5-dimethyl-7H-cyclopenta[l,2-b:4,3-b , ]dithiophene in 20 mL of ether. The 
resulting mixture was stiired for additional 30 min at 0°C, then cooled again to -70°C and 
treated with 0 67 g (5.0 mmol) of 1,3,6,6-tetramethylftilvene in 10 mL of ether. The 
reaction mixture was allowed to warm up to room temperature and stirred for 8 h. 
Successively, it was cooled to -30°C to add 3.13 mL of 1.6 M w-BuLi solution (5.0 mmol). 
The mixture was then allowed to warm up to 0°C and treated with 1.16 g (5.0 mmol) of 
ZrCU. The reaction mixture was refluxed under stirring for 3 h and 10 mL of CH 2 C1 2 was 
added at room temperature. The solution was isolated, concentrated and the residue was 
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recrystallized from CHaClj/hexane. Yield 0.58 g (23% towards 2,5-dimethyl-7H- 

cyclopenta[l,2-b:4,3-b']ditbiophene). 

Example 18 

Synthesis off isopropylidene{ (3-isopropyl-cyclopeDtadienyl)-7-(2,5-dimethyl- 
cyclopentall^-b^^-b'l-dithiophene) } zirconium dichloride 
lMe,C(3-iPr-CpK7-MeTh 2 -Cp)ZrClJ 




3.75 mL of 1.6 M n-BuLi solution (6.0 mmol) was added at -70°C to a suspension of 1.06 
g (3.0 mmol) of 2,2-(3-isopropyl'Cyclopentadienyl>7-(2,5-dimethy!-cyclopenta[l,2-b:4,3- 
b']-dithiophene)pTDpane in 20 mL of ether. The mixture was allowed to warm up to 0°C 
and then was treated with 0.7 g (3.0 mmol) of ZrCl 4 - The reaction mixture was refluxed 
under stirring for 3 h, then the yellow precipitate was filtered, washed twice with ether, 
dried and finally recrystallized from CILClj. Yield 1.24 g (80%). The title compound was 
characterized by 'H-NMR spectroscopy. 
Example 19 

Synthesis of isopropylidene{ (3-isopropyl-cyclopentadieny^-7-<2^-ditrime<liylsilyl- 
cyclopenta[l,2-b:4;J-b']-dithiopliene) } zirconium dichloride 
[Me 1 C(3-iPr-Cp)(7-TMSTh z -Cp)ZrCl 1 ] 




3.05 mL of 1 .6 M n-BuLi solution (4.9 mmol) was added at -^O^C to a solution of 1.57 g 
(4.86 mmol) of 2,5-ditrimemy!silyl-7K-cyc]openta[l^-b:43-b , ]dithiophene in 20 mL 
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ether. The resulting mixture was stirred for additional 30 min at 0*C, then cooled again to - 
70°C and treated with 0.72 g (4.9 mmol) of 3-isopropyl-6,6-dimethylfulvene in 10 mL of 
ether. The reaction mixture was allowed to warm up to room temperature and stirred for 4 
h. Successively, it was cooled to -30°C to add 3,05 mL of 1.6 M n-BuLi solution (4.9 
mmol). The mixture was allowed to warm up to 0°C and treated with 1.14 g (4.9 mmol) of 
2iCl 4 . The resulting reaction mixture was refluxed under stirring for 3 h, then the solution 
was isolated and concentrated. The residue was recrystallized from pentane. Yield 0-23 g 
(7.4% towards 2,5-ditrimethylsilyl-7H-cyclopenta(l,2-b:4,3-b*]dithiophene). The title 
compound was characterized by 'H-NMR spectroscopy. 
Example 20 

Synthesis of isopropylidene{ (3-isopropyl-cyclopentadienyI>4-(2,6-diroethyl- 
cyclopenta[2,l~b:3,4-b']-dithiophene) } zirconium dichloride 
(Me z C(3-iPr-Cp)(4-MeTh 2 -Cp)ZrCaj 



3.13 mL of 1.6 M n-BuLi solution (5.0 mmol) was added at -70 °C to a solution of 1.03 g 
(5.0 mmol) of 2,6-dimethyl-4H-cyclopenta[2,l-b:3,4-b , ]dithiophene in 20 mL of ether. The 
resulting mixture was stirred for additional 30 min at 0°C, then cooled again to -70°C and 
treated with 0.74 g (5.0 mmol) of 3-isopropyl-6,6-dimethylfulvene in 10 mL of ether. The 
mixture was allowed to warm up to room temperature and stirred for 4 h. Successively, it 
was cooled to -30°C to add 3.13 mL of L6 M /i-BuLi solution (5.0 mmol). The reaction 
mixture was allowed to warm up to 0°C and treated with 1.16 g (5.0 mmol) of ZrCl 4 . The 
resulting reaction mixture was refluxed under stirring for 3 h and 30 mL of CH 2 C1 2 was 
added at room temperature. The solution was isolated and concentrated. The residue was 
recrystallized from CHjCyhexane. Yield 0.87g (34% towards 2»6-dimethyl-4H- 
cyclopenta[2,l-b:3,4-b*]dithiophene). The title compound was characterized by f H-NMR 
spectroscopy. 
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Example 21 (c mparis n) 

Synthesis of isopropylidene{ (3-tert-butyt-cyclopentadienyl)-7-(2^-<iimethyl- 
cyclopentafl,2-b:4,3-b , J-dithiophene) } zirconium dichloride 
(Me l C(3-tBu-Cp)(7-MeTh l -Cp)ZrCl l l 



m 




3.75 mL of 1.6 M n-BuLi solution (6.0 mmol) was added at -70°C to a suspension of 1.1 1 
g (3.0 mmol) of 2,2-(3-tert-butyl^yclopentadienyl)-7K2,5-dimethyl^yclopentaIl,2-b:4,3^ 
b']-dithiophene)propane in 20 mL of ether. The mixture was allowed to warm up to 0°C 
and treated with 0.7g (3.0 mmol) of ZrCL,. The reaction mixture was refluxed under stirring 
for 3 h, then the yellow precipitate was filtered, washed twice with ether, dried and finally 
recrystallized from CH,C1 2 . Yield 1.27g (80%). The title compound was characterized by 
"H-NMR spectroscopy. 
Example 22 

Synthesis of isopropylidene(2-metJiyl-4-phenyl-cyclopentadienyl)-7-(2^-dimethyl- 
cyclopenta-(l^-b:4,3-b']-dithiopliene)zirconium dichloride 
[Me 1 C(2-Me-4-Pli-Cp)(7-MeTh 1 -Cp)ZrCIJ 

Ph 




3.75 mL (6.0 mmol) of 1.6 M n-BuLi solution was added at -70°C to a suspension of 1.21g 
(3.0 mmol) of 2^<2-memyM-phenyl-cyclopentadienyl)-7-(2,5-djmethyl-cyclopenta[l J 2- 
b:4,3-b']-dithiophene)propane in 20 mL of ether. The mixture was allowed to warm up to 0 
°C and treated with 0.7 g (3.0 mmol) of ZrCl,. The reaction mixture was refluxed under 
stirring for 3 h, then the yellowish-brown precipitate was filtered, washed twice with ether, 
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dried and finally recrystallized from CHjCyhexane. Yield 0.93 g (55%). 
The desired title compound was characterized by 'H-NMR spectroscopy. 
Example 23 

Synthesis of isopropyUdeneCS-isopropyl-cyclopentadienyO'T-CcydopentaCl^b^^b']^ 
dithiophene) zirconium dichloride IMe 2 C(3-iPr-Cp)(7-Th 2 -Cp)ZrClJ 




A solution of 1.05 g (3.22 mmol) of 2,2-(3-isopropyl-cyclopentadienyl)-7-(cyclopenta [1,2- 
b:4,3-b T ]-ditbiophenc)propane in a mixture of 10 raL of ether and 60 mL of hexane was 
treated with 4.1 mL (6.6 mmol) of a 1.6M /i-BuLi solution at -70°C The mixture was 
allowed to warm up to 0°C and treated with 0.75 g (3.2 mmol) of ZrCl,. The resulting 
reaction mixture was refluxed under stirring for 3 h, then the yellow precipitate was filtered, 
washed twice with hexane, dried and finally recrystallized from CH 2 Cl 2 /hexane. Yield 0.32 
g (21%). The title compound was characterized by 'H-NMR spectroscopy. 
PROPYLENE POLYMERIZATION 

Polymerization Examples 1-16 and Comparative Examples 17-18 

MAO was a commercial product (Witco, 10 % w/w in toluene, 1.7 M in Al) which was 
used as received. The catalyst mixture was prepared by dissolving the desired amount f the 
metalloccne with the proper amount of the MAO solution, obtaining a solution which was 
stirred for 10 min at ambient temperature before being injected into the autoclave. 1 mmol 
of Al(/-Bu) 3 (as a 1M solution in hexane) and 290 g of propylene were charged at room 
temperature in a 1-L jacketed stainless-steel autoclave, equipped with magnetically driven 
stirrer and a 35-mL stainless-steel vial, connected to a thermostat for temperature control, 
previously purified by washing with an Al(i-Bu) 3 solution in hexanes and dried at 50°C in a 
stream of propene. The autoclave was then thermostatted at 2 °C below the polymerization 
temperature, and then the toluene solution containing the catalyst/cocatalyst mixture was 
injected in the autoclave by means of nitrogen pressure through th stainless-steel vial, the 
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temperature rapidly raised to the polymerization temperature and the polymerization carried 
out at constant temperature for 1 hour. After venting the unreacted monomer and cooling 
the reactor to room temperature, the polymer was dried under reduced pressure at 60 °C. 
The polymerization conditions are reported in Table 1 . 
The characterization data of the obtained polymers are shown in Table 2. 
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Table 1 



Example 


metallocene 
type mg 


Al/Zr 
molar 


Time 
(h) 


Tp 

<"C) 


yield 
(g) 


Activity 
(Kg/ Scal .h) 


1 


Me 2 C(3-MeCpK7-MeTh 2 -Cp)2rCI 2 


0.6 


3000 


0.75 


60 


123 


154 


2 


Me,C(3-iPrCp)(7-Me"m 2 -Cp)2rCI 2 


0.3 


500 


1 


60 


87 


291 


3 


Me a C(3-IPrCp)(7-MeTh 2 -Cp)ZrCl 2 


0.3 


1000 


1 


60 


111 


370 


4 


MejC(3-MeCp)(7-MeTh 2 -Cp)HfCI 2 


2 


1000 


1 


60 


23 


117 


5 


Me 2 C(3-iPropCp)(7.TMSTh 2 -Cp)ZrCI 2 


1 


500 


1 


60 


81 


81 


6 


fAe i C{3-\PropCp)(A-MeTh ir Cp)ZtC\ 2 


1 


500 


1 


60 


31 


31 


7 


Me 2 Si(lnd)(7-MeTh 2 -Cp)2rCI 2 


1 


500 


1 


60 


36 


36 


8 


Me 2 C(2-Me-4-Ph-Cp)(7-MeTh 2 -Cp)ZrCl2 


1 


500 


1 


60 


240 


240 


9 


Me 2 C(2,4-Me 2 -Cp)(7-MeTh 2 -Cp)2rCI 2 


1 


500 


1 


60 


94 


94 


10 


Me 2 Sl(2-Me-lnd)(7-MeTh 2 -Cp)ZrCI 2 


1 


500 


1 


60 


79 


79 


11 


Me z C(3-iPr-Cp)(7-Th 2 -Cp)ZrCI 2 


1 


500 


1 


60 


44 


44 


12 


Me 2 C(2-Me-4-iPr-Cp)(7-MeTh a -Cp)ZrCI 2 


1 


500 


1 


60 


120 


120 


13 


Me 2 Si(3-TMS-Cp)(7-MeTh 2 -Cp)ZrCl a 


1 


500 


1 


60 


300 


300 


14 


MejC^-Me^PhC^a-MeThj-CpJZrClj 


1 


500 


1 


60 


13 


13 


15 


Me 2 C(2.4-Me 2 -Cp)(7-TMSTh 2 -Cp)2rCI 2 


1 


500 


1 


60 


119 


119 


16 


Me 2 Si(2,4-Me 2 -CpK7-MeTh 2 -Cp)2rCl2 


1 


500 


1 


60 


64 


64 


17 
(comp) 




1 


4500 


1 


50 


29 


29 


18 
(comp) 


^e 2 C(3-tBu-Cp)(7-MeTh 2 -Cp)2X;i 2 


1 


3000 


1 


60 


61 


122 
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Table 2 



Ex. 


Metallocen* 


Exp. 

Distribution % 
Mm mi 

IT 


Triad 


I.V 
dl/g 


AH 


Tm 

(°C) 


1 


Me2C(3-MeCp)(7-MeTh2-Cp)2rC!2 


58.7 


23.0 


18.3 


0.54 


13 


ao 


2 


Me 2 C(3-iPfCp)(7-MeTh2-Cp)Zra2 


73.1 


16.9 


9.9 


0.83 


40 


103 


3 


Me2C(3-iPrCp)(7-MeTh2-Cp)Zra2 


- 


- 


- 


0.73 


39 


100 


4 


Me 2 C(3-MeCp)(7-MeTh2-Cp)HfCl2 


55.5 


29.6 


14.8 


0.77 


n.d. 


n.d. 


5 


Me2C{3-iPfOpCp)(7*TMSTh2-Cp)2ra2 


76.0 


16.0 


8.0 


0.92 


47 


107 


6 


Me 2 C{3-iPropCpH4-M©Th2-Cp)ZrCl2 


50.8 


24.3 


25.1 


0.64 


n.d. 


n.d. 


7 


Me2S/(lnd)(7-MeTh 2 -Cp>ZrCl2 


79.9 


13.6 


6.5 


1.25 


61 


114 


8 


Me 2 C(2-Me-4-R>-Cp)(7-MeTh2-Cp)ZrCl2 


42.6 


29.2 


28.2 


0.90 


Amorphous 


9 


Me2C(2 i 4-Me2-Cp)(7-MeTh 2 -Cp)ZrCl2 


n.d. 


ad. 


n.d. 


0.79 


Amorj 


)hous 


10 


Me2Si(2-Me-lnd)C7-MeTh2-Cp)ZrCl2 


81.3 


12.2 


6.5 


2.34 


47 


101 


11 


Me2C(3-iPr-Cp)(7-Tri2-Cp>2rCl2 


54.0 


26.9 


19.1 


0.74 


Amorphous 


12 


Me2C(2-Me-4.JPr-Cp)(7-MeTh2-Cp)ZrCl2 


66.5 


20.5 


13.0 


1.06 


21 


i " 


13 


Me2Si(3-TMS-Cp)(7-MeTh2-Cp)2rCl2 


n.d. 


n.d. 


n.d. 


0.72 


Amorphous 


14 


Me2C(2'M©^-PhCp)(7.MeTh2-Cp)ZfCl2 


n.d. 


n.d. 


n.d. 


0.64 


Amorphous 


15 


Me2C(2,4-Me2-Cp)(7-TMSTh2-Cp)2fC»2 


n.d. 


n.d. 


n.d. 


0.8 


Amor] 


phous 


18 


Me2Si(2,4-Me2-Cp)(7-MeTh2-Cp)ZrCl2 


84.0 


10.6 


5.4 


1.24 


64 


123 


17 
(comp) 


Me2C(Cp)C7-Th2-Cp)2ra2 


2.8 


12.1 


65.2 


0.98 


27 


110 


18 
(comp) 


Me2C(3-t8u-Cp)(7-MeTh 2 -Cp)2ra2 


89.2 


7.2 


3.5 


0.58 


91 


139 



n.d.: not determined 
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CLAIMS 

1 . A metal! ocene compound of the general formula (I); 

LGZMXp (I) 

wherein 

L is a divalent group bridging the moieties G and Z f selected from CR'R 2 , SiR'R 2 and 
(CR l K 2 ) 2t R 1 and R 2 , same or different from each other, are selected from hydrogen, a 
C-CValkyl, C 3 -C2o-cycloalkyl, Q-CValkenyl, C 6 -C 2<r aryl, Q-C^-aDcylaryl, 
CVQo-arylalkyl radical, optionally containing a heteroatom, which can form a ring 
having 3 to 8 atoms which can bear a substituent; 
Z is a moiety of formula (II); 




wherein 

R 3 and R\ same or different from each other, are selected from hydrogen, a 
C T -C 20 -alkyl, C 3 -C 20 -cycloalkyl, C 2 -C 2ir alkenyl, Q-C^-aryl, CrC^-alkylaiyl, 
Cv^^o-arylalkyl radical, optionally containing a heteroatom, at least one of R 3 and R 4 
being different from hydrogen; 

A and B are selected from S, O or GR 5 , wherein R 5 is selected from hydrogen, a 
C 1 -C 20 -alkyl, Cj-C^arcloaltyl, C r C 20 -alkenyl, Q-<Vaiyl, C r C 20 -alkylaryl, 
Ci-Cjo-aylalkyl radical, optionally containing a heteroatom, cither A or B being 
different from CR 5 , and wherein the rings containing A and B have a double bond in 
the allowed position; 
G is a moiety of formula (III): 

R* R7 




wherein 
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2. 
3- 
4. 

6. 
7. 



R 6 , R 7 , R* and R 9 , same or different from each other, are selected from hydrogen, a 
C r C 2(> -alkyl f Cj-CVcycloalkyl, Q-C^-alkenyl, Q-Qo-aryl, C 7 -C 20 -alkylaryl, 
CVQo-arylalkyl radical, optionally containing a heteroatom, and R 6 and R 7 and/or R B 
and TC can form a ring comprising from 3 to 8 atoms, which can bear substituents, 
with the provisions that R 7 is different from R 8 and when R 7 is a tert-butyl radical, R* 
is not hydrogen; 

Mis an atom of a transition metal selected from those belonging to group 3, 4, 5, 6 or 
to the lanthanide or actinide groups in the Periodic Table of the Elements (new 
IUPAC version), 

X, same or different, is selected from a halogen atom, a R 10 , OR 10 , OS0 2 CF 3 , OCOR J0 , 
SR 10 , NR ,0 2 or PR 10 2 group, wherein the substituents R 10 are selected from hydrogen, a 
C-Cjo-alkyl, C 3 -C 20 -cycloalkyl, Q-CValkenyl, C 6 -C 20 -aiyl, Q-CValkylaryl, 
CT-Qo-arylalkyl radical, optionally containing heteroatoms; 

p is an integer of from 0 to 3, being equal to the oxidation state of the metal M minus 
2. 

The metallocene according to claim 1, wherein the transition metal M is selected from 
titanium, zirconium and hafnium. 

The metallocene according to any of claims 1 and 2, wherein the X substituents are 
chlorine atoms or methyl groups 

The metallocene according to any of claims 1 to 3, wherein L is a =CMe 2 or =SiMe2. 
The metallocene according to any of claims 1 and 4, wherein one of A and B is a 
sulfur atom and the other is a CH group. 

The metallocene according to claim 5, wherein R 3 and R 4 are the same and are 

selected from a d-C^-allcyl group, which can contain a silicon atom. 

The metallocene according to claim 1, wherein G is a moiety of formula (III): 




8 



wherein 
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R" and R s , same or different from each other, are selected from hydrogen, a 
C.-CValkyl, C,-C 20 -cycIoalkyl, C^-alkenyl, C 6 -C M -aryI, C^-alkylaryl, 
C 7 -C, 0 -ary]alkyl radical, optionally containing a heteroatom, 

R' is selected from a C^-aryl. C r C ffl <uTcylary1 or a QR"R ,2 R 13 group, wherein Q is 
selected from C, Si, Ge; 

R'\ R' 2 and R", same or different from each other, are hydrogen, C,-Cj 0 -aJkyl, 
Q-ap-cycloalkyl, C^Cjo-alkenyl, Q-Qo-aryl, CVC^-alkylaryl, CVCo-arylalkyl 
radicals, optionally containing a heteroatom, with the proviso that when Q is a carbon 
atom, at least one of R' ', R' 2 and R" is a hydrogen atom, and 
R 8 is hydrogen. 

8. The metalJocene according to claim 7, wherein R 7 is selected from phenyl, a 
CHR"R 12 and a Si^'R'^R" group, wherein R", R" and R' 3 are hydrogen or 
Q-Qo-alkyl groups. 

9. The metallocene according to claim 8, wherein QR"R ,2 R' 3 is an isopropyl or a 
trimethylsilyl group. 

10. The metallocene according to any of claims 7 to 9. wherein the metallocene is 

isopropyhdene(3-isopropyl^yclopentadienyl).7-(2,5-dimemyl-cyclopentadienyl- 
[ 1 ,2-b:4,3-b']-dithiophene)zirconium dichloride; 

isopropylidene(3-memyl^yclopentadienylK^ 

b:4 ) 3-b']-dithiophene)2irconiumdichJoride; 

dimemylsUandiyl(3-trimemylsUy^ 

cyclopentadienyl-[l ^-b:4,3-b , ]-dithiophene)zirconium dichloride; 
isopropylidene(2-memyl-4-isopropyl^yclopentamenyl)-7-(2,5-dimethyl- 
cyclopentadienyl-[l ,2-b:4,3-b']-dithiophene)zirconium dichloride; 
iwpropyudene(3-isopropyl^yclci>entad^ 

cyclopentadienyl-[l,2-b:4,3-b']-dithiophene)zirconium dichloride; 

iscpropylidene(3-isopropyl^clopentaffi^ 

[2, 1 -b:3,4-b ']-ditbiophene)zirconium dichloride; 

isopropyhdene(2-methyl-4-phenyl-cyclopentadienyl)-7-(2,5-dimethyl- 
cyclopentadienyl-[l,2-b:4,3-b*]^thiophene)zirconium dichloride; 
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isopropyhdene(3-phenyl-cyd^^ 1 ,2- 

b:4,3-b 1 ]-dithiophene)zirconium dichloride; 
isopropyHdene(2-methyl^phenyl^yclopentadieny 
cyclopentadienyl-fl^-b^.S-b'J-dithiophene^rconiura dichloride; 
isopropylident^^dimcthy^ 
[ 1 ,2-b:4,3-b*]-dithiophene)zirconium dichloride; 
isopropylidene(2,4-dimethyl-cycl^^ 

cyclopentadienyl-[l ^-b^.S-b^-dithiophene)^©!!!^ dichloride; 
dimethylsilandiyl(2,4-dimethyl^^ 
[1 ,2-b:4,3-b*]-dithiophcne)zirconium dichloride;and 

isopropyHdene(3-methyl^yclopentadien^ 1 ,2- 

b:4,3-b']-dithiophene)hafhium dichloride 
1 1 . The metallocenc according to claim 1 , wherein G is a moiety of foimula (IV): 



R 14 , R 15 , R ,<J , R' 7 , R ,g and R" same or different, are selected from hydrogen, a 
C r C 20 -alkyl, Cs-C^-cycloalkyl, Q-Qo-alkenyl, C tf -C 20 -aryl, C r C 20 -alkylaryl, 
Q-Cao-aiylalkyl radical, optionally containing heteroatoms, any of two adjacent R 14 , 
R 15 , R 16 , R 17 , R u and R J * can form a ring comprising 4 to 8 atoms which can bear 
substituents, and the benzene ring can be perhydrated. 

12. The metallocene according to claim 11, wherein R 15 , R", R 17 , R 18 and R 19 are hydrogen 
and R 14 is a Cj-C^-alkyl group. 

13. The metallocene according to any of claims 1 1 to 12, wherein the metallocene is 
draethyteilandiyl-Hind^ 

dithiophene)2drconium dichloride; 

dimethylsilandiyl-l-(2-methyl-indenyi)-7-(2,5- *imethyl-cyclopentadienyI-[l ,2-b:4,3=b']- 



R J 



19 




wherein 



(TC5420.fi?) 



1 999 1 1:59 aMONTELL IP p«BWBM» 



NR. 1896 fHin 



56 

dithiophene)zirconiuxn dichloride; 

dimethyUilandiyl-1 ^indenyl)-7-(2,5-dimmethylsilyl^yclopentadienyl-( 1 ,2-b:4,3-b *]- 

dithiophene)zirconium dichloride. 

14. A ligand of formula (V): 

LG'Z' (V) 

wherein L is defined as in claim 1 : 

Z* is a moiety of formula (VI): 




and its double bound isomers; 

wherein A, B, R 3 and R* are defined as in claim 1; 

G' is a moiety of formula (VII): 



(VI) 



R8 R7 



R9 



(VID 



R6 



and its double bond isomers; 

wherein R 6 , R 7 , R fl and R 9 have the meaning as defined in any of claims 1 to 13* 
1 5. A process for the preparation of a ligand of formula (V): 
LG'Z' (V) 

wherein G* and L are defined as in claim 14; 

Z' is a moiety of formula (Via): 

" (Via) 
r4^^^ ^R3 

and its double bond isomers; 

wherein A is sulfur or oxygen, R 3 and R 4 are the same and are selected from a 
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C.-Cjo-alkyl. Cj-C, 0 -cycloalkyl, Cj-Cjo-alkenyl, Q-CVaryl, C-C^o-alkylaryl, 
C7-C M -arylalkyl radical, optionally containing a heteroatom; 
comprising the following steps: 

a) contacting a compound of formula (Vm): 

Br 

>Cx (vni) 

Br A Br 

with a base selected from an organic lithium compound, sodium or potassium; 
and subsequent treatment with a formic ester, wherein the molar ratio between 
said ester and the compound of formula (VIII) is at least 1:2, and subsequently 

b) treating with a reducing agent in order to obtain a compound of formula (DC): 

.BrBr, 



A" ^ "A" 

c) contacting with a base selected from an organic lithium compound, sodium or 
potassium; 

and subsequent treatment with an alkylating agent, 

d) contacting with a base selected from an organic lithium compound, sodium or 
potassium; 

and subsequent treatment with a coupling agent; or contacting the above 
defined compound of formula (VIII) with a base selected from an organic 
lithium compound, sodium or potassium; 

followed by treating with an ester of boric acid and a protonating agent in 
order to obtain the compound of formula (X): 

(HO) 2 ET ^"^A''^B(OH)2 
and subsequently contacting with a mixture of an alkylating agent in the 
presence f an transition metal complex compound followed by above step 
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d), in order to obtain the compound of formula (XI); 

contacting the compound of the formula (XI) with a base selected from the 
group consisting of metallic sodium and potassium, sodium and potassium 
hydroxide and an organic lithium compound, wherein the molar ratio between 
the compound of the formulae (XT) and said base is at least 1 ; 
when L is CR"R U contacting the corresponding anionic moiety of the 
formula (XI) with a compound of the general formula (XII): 



(XII) 



wherein R», R 2 , R«, R 7 , R* and R» have the meaning as defined in claim 1; 
or, when L is a SiR'R 2 or (CR'R 3 ),, contacting the commending anionic 
compounds of the formula (XT) with a compound of general formula (XIII): 
r7 r6 




pair) 



R9 



wherein R 6 , R 7 , R 8 and R 9 are defined as above and Y is a halogen radical 
selected from the group consisting of fluoride, chloride, bromide and iodide; 
g) treating with a protonating agent. 

The process according to claim 15, wherein the reducing agent is a mixture of 

AlClj/LiAlH 4 or a mixture of triethylsilane (EtjSiH) and CF 3 COOH. 

The process according to claim 1 5, wherein the base is butyUithium. 

The process according to claim 15, wherein the organic acid ester is an ester of formic 

acid. 
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19. The process according to claim 15, wherein the alky lat ion agent is selected from 
dimcthylsulphate (MejSO<), trimethylchlorosilane (MejSiCl) and a mixture of 
compounds of formulae ifY* and R 4 Y\ wherein R 3 and R" are defined as in claim 1 
and Y* is selected from chloride, bromide and iodide. 

20. The process according to claim 15, wherein the coupling agent is selected from the 
group consisting of copper chloride, iodide and Mg/Pd. 

21. The process according to claim 15, wherein the transition metal complex compound 

isPdCl^dppf)- 

22. The process according to claim 15, wherein Y is a chloride radical. 

23. The process according to claim 15, wherein the base used for the preparation of the 
corresponding anionic form of the compound of formula (VIII) is butyllithium. 

24. The process according to claim 15, wherein the compound of formula (XII) is 
selected from 3,6,6-trimethylfulvene and 3-isopropyl^,6-dimethyLfulvene. 

25- A process for the preparation of a metallocene compound as defined in any of 
claims 1 to 13, obtainable by contacting the ligand of general formula (V) with a 
compound capable of forming the corresponding dianionic compound thereof and 
thereafter with a compound of general formula MX^,, wherein M, X and p are 
defined as in claim 1. 

26. The process according to claim 25, wherein the compound able to form said 
corresponding dianionic compound is selected from the group consisting of 
hydroxides of alkali- and earth-alkali metals, metallic sodium and potassium, and 
organometallic lithium salts* 

27. The process according to claim 26, wherein die compound able to form said 
corresponding dianionic compound is butyllithium, 

28. The process according to claim 27, wherein the compound of formula MX^ is 
selected from titanium-, zirconium- and hafhiumtetrachloride. 

29. A catalyst obtainable by contacting: 

(A) a metallocene compound of formula (I) according to any of claims 1 to 1 3, and 

(B) an alumoxane and/or a compound capable of forming an alkyl metallocene. 

30. The catalyst according to claim 29, wherein said alumoxane is obtained by contacting 
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water with an organo-aluminium compound of formula A1R 20 3 or AliR 20 ^, wherein the 
R 20 substituents are defined as R\ 

31. The catalyst according to claim 30, wherein the molar ratio between the aluminium 
and water is in the range of 1:1 and 100:1 . 

32. The catalyst according to claim 29, wherein said aJumoxane is xnethylalumoxane 
(MAO), isobutylalumoxane (TIBAO) and 2,4,4-trimethyl-pcntylalumoxane (TIOAO). 

33. The catalyst according to claim 29, wherein the compound capable of forming a 
metallocene alky] cation is a compound of formula D*E~ , wherein D + is a Bransted 
acid, able to give a proton and to react irreversibly with a substituent X of the 
metallocene of formula (I) and F is a compatible anion, which does not coordinate, 
which is able to stabilize the active catalytic species originating from the reaction of 
the two compounds, and which is sufficiently liable to be able to be removed from an 
olefinic substrate. 

34. The catalyst according to claim 33, wherein the anion E* comprises one or more boron 
atoms. 

35. The catalyst according to claim 29, wherein the molar ratio between the aluminium 
and the metal of die metallocene compound is comprised between 10:1 and 20000:1. 

36. A process for the preparation of polymers of alpha-olefins in the presence of a catalyst 
comprising the product obtainable by contacting: 

(A) a metallocene compound of the general formula (I): 

LGZMXp (I) 

wherein 

L, M, X and p are defined as in any of claims 1 to 13; 
Z is a moiety of formula (II): 




wherein 

A and B are defined as in any of claims 1 to 13; 
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R 3 and R 4 , same or different from each other, are selected from hydrogen, a 
C r C 20 -alkyl, C 3 -C 20 -cycloalkyl, C r C 20 -alkenyl, C 6 -C 20 -aryl, C^o-alkylaryU 
C 7 -C 2(r arylalkyl radical, optionally containing a heteroatom, which can form a ring 
having 3 to 8 atoms which can bear a substituent; 
G is a moiety as defined in any of claims 1 to 13; 
and 

(B) an alumoxane and/or a compound capable of forming an alkyl metallocene 
cation. 

37. The process according to claim 36, wherein in the metallocene of formula (I) the 
transition metal M is selected from titanium, zirconium and hafiiium. 

38. The process according to any of claims 36 to 37, wherein in the metallocene of 
formula (I) the X substituents are chlorine atoms or methyl groups. 

39. The process according to any of claims 36 to 38, wherein in the metallocene of 
formula (I) one of A is a sulfur atom and the other is a CH group and R 3 , which is the 
same to R\ is selected from hydrogen and an C^-alkyl group, which can contain a 
silicon atom. 

40. The process according to claim 39, wherein in the metallocene of formula (£) R 3 and 
R 4 are a methyl or a trimethylsilyl radical. 

41 . The process according to any of claims 36 to 40, wherein in the metallocene of 
formula (I) the bridging group L is ^CM^ or =80^. 

42. The process according to claim 36, wherein in the metallocene of formula (I) G is a 
moiety of formula (III) : 

R7 

(111) 

R6 
wherein 

R 6 and R*, same or different from each other, are selected from hydrogen, a 
CrQo-alkyl C^C^-cycloalkyl, C 2 -C 20 -alkenyl t C^C^-axyl, C^-alkylaiyl, 
Cy-Cjo-aiylalkyl radical, optionally containing a heteroatom, 
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R 7 is selected from a C 6 -C 20 -aryl, CT-C^-alkylaryl or a QR H R ,2 R 13 group, wherein Q is 
selected from C, Si, Ge, 

R", R" and R 13 , same or different from each other, are hydrogen, Q-C^-alkyl, 
Cj-Qo-cycIoalkyl, C 2 -C 20 -alkenyl, C^C^-ary], Q-Qo-alkylary], C r Q 0 -arylalkyl 
radicals, optionally containing a heteroatoro, with the proviso that when Q is a carbon 
atom, at least one of R 11 , R 12 and R 13 is a hydrogen atom; and 
R 8 is hydrogen. 

43. The process according to claim 42, wherein in the metallocene of formula (I) R 7 is 
selected from phenyl, a CHR 1! R 12 and a SiR"R u R 13 group, wherein R", R" and R n 
are hydrogen or C, -C^-alkyl groups. 

44. The process according to claim 43, wherein in the metallocene of formula (I) 
QR"R ia R w is an isopropyl or a trimethyisilyl group. 

45. The process according to any of claims 36 to 44, wherein the metallocene of formula 
(I) is 

isopropylidene(3-isopropyl^yclopentadienyl)-7-(2 f 5-dimethyl-cyclopentadicnyl- 
[1 ,2-b:4 t 3-b , ]-dithiophene)zirconium dichloride; 
isopropylidene(3-methyl^yclopentadienyl^ 
b:4,3-b , ]-dithiophene)zirconium dichloride; 
dimethylsilandtyj(3-trimefry 

cyclopentadienyl-[l ^-b:4,3-b , ]-dithiophei)e)zirconium dichloride; 
isopropy1idene(2Hnethyl~4-isopropylK:yclopentacM 
cyclopentadienyl-[l ,2-b:4,3-b*]-dithiophene)2irconium dichloride; 
isopropyhdene(3-isopropyl^yclopentadienyl)-7-(2 > 5^itrimethylsilyl- 
cyclopentadienyl-[ 1 ,2-b:4,3-b']-dithiophene)OTConium dichloride; 
isopropylidene(3-isopropyl-cyclopentadienyl)^^2,6^ 
[2, 1 -b:3 ,4-b*]-dithiophene)zirconium dichloride; 
isopropylidene(2-methyl-4-phenyl-cyclopentadienyl)-7-(2,5-dimethyl- 
cyclopentadienyl-[l ^-b^^-b'l-dithiophene^irconium dichloride; 

isopropyhdene(3-phenyl-cyclopentadieny0 >2- 
b:4 t 3-b J ]-ditliiophenc)2irconium dichloride; 
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46. 
47, 
48. 

49. 

50. 



isopropylidene(2-methyl^phe^ 

cyclopentadienyl-[l .Z-b^^-b^-dithiophen^zitconiitm dichloride; 
isopropylidene(2 ( 4-dimethylK:yclopentadienyl)-7-(2,5-dimethy]- 
[1 ,2-b:4 > 3-b , ]-dithiophene)zirconium dichloride; 
isopropyUderie(2 1 4-dimethyl-cyclopentadienyl)-7-(2 f 5-djtrimethyt^ 
cyclopentadienyH 1 ,2-b :4,3-b*]-dithiophene)zirconium dichloride; 
dimethylsUandiyI(2,4-dimethyl-c^d^ 
[1 3 2-b:4,3-b']-dithiophene)zirconium dichloride; 
isopropylidene(3-isoprc^ylcyclopentadien^ 
dithiophene)2drconium dichloride and 

isopropylidene(3-methyl-cyclopentadieny l)-7-(2 > 5-dimethyl-cyclopentadienyl-[ 1 ,2- 
b:4,3-b']-dithiophene)hafiiitim dichloride. 

The process according to claim 36, wherein in the metallocenes or formula (I) G is a 
moiety of formula (IV) as defined in any of claims 1 1 to 1 3, 

The process according to claim 36 for the preparation of homo- and copolymers of 
propylene. 

The process according to claim 47, wherein the process is carried out in the presence 
of an alpha-olefin selected from 1 -butene, 1 -pent me, 1-hexene, 4-methyl- 1 -pentene, 
1-octene, 1-decene and 1-dodecene. 

The process according to claim 36, wherein said process is carried out at a temperature 
comprised between -100 and +100°C and at a pressure comprised between 0,5 and 
100 bar. 

A propylene copolymer containing from 0.1 to 20% by moles of units deriving from 
an olefin of formula CHa=CHR, R being hydrogen, a C 2 -C 20 -alkyl or a C ft -C 12 -aryl 
group, said propylene copolymer having the following characteristics: 

- melting enthalpy < 70 J/g; 

- triads (mm) satisfy the relation: 30 < mm < 85. 

The propylene copolymer according to claim 50 wherein the olefin of formula 
CH 2 =CHR is ethylene. 

Use of a propylene polymer optionally containing from 0.1 to 20% by moles of units 
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deriving from an olefin of formula CH 2 e =CHR, R being hydrogen, a C 2 -C 20 -alkyl or a 
C 6 -C l2 -aryl group, said propylene polymer having the following characteristics: 

- melting enthalpy < 70 J/g; 

- 30 < isotactic triads (mm) < 85, 

for the preparation of synthetic leather, roofing blends, geomembranes, transparent 
objects, foamed beds, as additive for bitumen or as polymer support for pigments 
and/or colors in mastearbatches. 

53. The use of a propylene polymer according to claim 52, wherein said propylene 
polymer has intrinsic viscosity values [r\\ of greater than 0.5. 

54. The use of a propylene polymer according to any of claims 53 and 54, wherein in said 
propylene polymer the isotactic triads (mm) satisfy the relation 40 < isotactic triads 
(mm) < 80. 
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ABSTRACT: 

It is disclosed metallocene compounds of the genera] fonnula (I): 
LGZMXp (I) 

wherein L is a divalent group, Z is a moiety of formula (II): 



(ID 
R3 



wherein R 3 and R* are selected from hydrogen and hydrocarbon groups; at least one of R a and 
R 4 being different from hydrogen; A and B are selected from S, O or CR 5 , wherein R 5 is 
selected from hydrogen and hydrocarbon groups, either A orB being different from CR 5 ; G is 
a moiety of fonnula (IH): 

R8. R7 




wherein R s , R 7 , R 3 and R' are selected from hydrogen and hydrocarbon groups, and R 6 and 
R 7 and/or R 4 and R' can forni a ring comprising from 3 to 8 atoms, which can bear 
substituents, with the provisos that R 7 is different from R* and when R 7 is a tert-butyl 
radical, R* is not hydrogen; M is an atom of a transition metal selected from those 
belonging to group 3, 4, 5, 6 or to the lanthanide or actinide groups in the Periodic Table of 
the Elements (new IUPAC version), X is selected from a halogen atom, a R'°, OR 10 , 
OS0 2 CF 3 , OCOR 10 , SR'°, NR ,0 2 or PR ,0 2 group, wherein the substituents R ,c is hydrogen 
and a hydrocarbon group; p is an integer of from 0 to 3, being equal to the oxidation state of 
the metal M minus 2. Metallocenes of the above type are particularly useful for the 
preparation of polypropylene with a low degree of crystalliniry. 
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